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1. INTRODUCTION 
Aquaculture has become one of the expanding food production method in the world. Its 
growth rate in the last decade has been phenomenal recording 9.4% per year from 1986 to 
1995 (FAO 1977). Global aquaculture production totalled 27 .8 mmt and aquaculture 
producti on of fi sh and shellfish reached 20.9 mmt in 1995. 
India is a major fish producing country in the world. Aquaculture production of 
fish and shellfish in India increased from 686260 metric tonnes to 1608938 metric tonnes 
over the period 1986 to 1995. In aquaculture, India holds the second position in the 
world. 
Aquaculture contributes substantially to world food used for direct human 
consumption. Percapita food fis h supply from aquaculture has increased by 163% since 
1984, from l.4kg to 3.68kg in 1995. With the marine fish production reaching a plateau, 
any further demand for fish has to be met from aquaculture only. In order to reduce the 
gap between supply and demand of food fish development of ecofriendly and sustainable 
aquaculture is very important. 
Fish and crustaceans are generally safe food for human. However, the risk of 
contamination of fishery products by microorganisms, chemicals etc. is greater in farming 
systems compared to open seas. Food safety hazards due to microorganisms are 
significant from human health consideration. Bacteriological hazards include pathogenic 
bacteria associated with food-borne disease. There are two broad groups of pathogenic 
bac teria of public health significance that will contaminate products from aquaculture -
those that are indigenous to the aquatic environment from which fi sh/shellfish are 
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harvested and those introduced into fish/shellfish as a result of environmental 
contamination resulting fro m di sposal of sewage and land run-off. In addition to this, 
pathogens are also introduced into fis h and fis hery products during post harvest handling 
and processing. One major pathogen associated with food poisoning is Clostridium 
botulinum . 
ClostridiulII botulinulII is an ubiquitous spore forming anaerobic organism that 
produces powerful neutrotox in causing life threatening food-borne illness called botulism 
in man and bankruptcy disease or fish botuli sm in fish. This organism can be grouped 
into seven types A to G based on the antigenic nature of the neutrotoxins that are 
produced. 
The species C. botulinulII involves at least four biologically different groups: 
Group I (all type A, some type B and F strains that are strongly proteolytic), Group 0 (all 
type E and some type B and F strains that are non-proteolytic but strongly Saccharolytic), 
Group ill (all type C and D strains) and Group IV (on ly one strain of type G that is 
proteolytic but non-saccharolytic). Botulism has been known to follow wound infections 
and recently infant botulism has resulted from establishment of C. botulinum in the 
neonate intestine. 
Clostridium botulinum is naturally found in aquatic environments and is often 
encountered in fish, particularly in farmed fish and shrimp. These indigenous pathogenic 
bacteria when present in fresh cultured products, are usually found at fairly low levels and 
where these products are adequately processed, food safety hazards are insignificant. 
However, if the fish are not properly handled and processed, the organism will grow, 
mu ltiply and produce toxins with risk to human health . 
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One of the research needs for production of safe farmed fish is to fill the gap in 
our knowledge in the occurrence, nature and survival of C. botulinum in farmed fish. 
This involves the study of their growth and survival in aquaculture systems. The ecology 
of C. botulillum is not fully documented in India. The present investigation is carried out 
to identify the bacteria (Clostridium botulinum), investigate the type, its survival under 
various processing conditions and suggest practical control measures to produce a safe 
fish fit for human consumption. It is also aimed at to augment a good aquaculture 
practice to produce farmed fish free from the toxin of C. botulinum. 
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2. REVIEW OF LITERATURE 
2.1 Anaerobic bacteria in fish farms 
The obligately anaerobic bacteria are large and diverse group of microorganisms, which 
occur and often predominate in a variety of natural habitats. Whilst those associated with 
human beings are relatively well documented, increasing attention is now being given to 
anaerobes in other habitats including the aquatic environments, foods and animals in health 
and disease. Many aerobic and anaerobic bacteria seen in fish could be derived from their 
environment (Horsley 1973) and diet (Trust 1971). They often occur predominantly in fish 
culture ponds contributing to mineralisation (Sugita e/ al. 1989). In fish farming, organic 
matters either introduced into or produced in the culture water are partially mineralized by 
heterotrophic bacteria. The heterotrophic bacteria of fish farms have been extensively 
studied (Acuff e/ at. 1984; Sugita e/ at. 1985; Fonseka 1990; L10brerra e/ al. 1990; 
Nedoluha and Westhoff 1993; Nayyar Ahamed e/ al. 1994; Surendran e/ al. 1994; 
Sharmila el al. 1996). Anaerobic bacteria are the predominant organisms in many habitats 
such as soil , sediments, fish farms and gastrointestinal tracts of many animals (Sakata e/ al. 
1980; Sugita e/ al. 1985, 1988, 1989; Wibowo e/ at. 1991 ; Inglis e/ al. 1993; Nedoluha 
and Westhoff 1993) playing a vital role in the digestion of waste and in environmental 
pollution (Barns and Mead 1986). Anaerobic bacteria have also been implicated as fish 
pathogens (Austin and Austin 1993). In farm environments, adverse environmental 
conditions and farming practices may favour the multiplication of pathogens and 
contamination of the farmed species. One of the major concerns in aquaculture are 
environmental contaminants (Pillay 1992). Many anaerobes including Clostridium have 
been isolated from fish . 
-, 
• \ ..I.) 
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Clostridia are found to be commonly present in soil, sewage, marine sediments 
(Davies 1969: Smith 1975; Sneath 1986), on whole fish (Shewan 1967, 1977; Barns 
1986: Lalitha and Iyer 1986; Lalitha et al. 1990) and in commercial pelletted diets used in 
farms (Trust 1971; Sugita et al. 1989). Among clostridia, Clostridium botulinum remains 
the single accredited and serious pathogen of fish (Roberts 1989; Sindermann 1990: 
Inglis et al. 1993; Fryer and Rohovec 1993). C. botulinum grows well in both fish and 
humans and are able to cause disease in both. A few nanogram (0.5-5 ng) of toxin is 
sufficient to cause disease in humans (Noterrnans et al. 1994, 1995). 
2.2 Clostridium botulinum in soil and sediments 
The prevalence of C. botulinum in soil and sediments has been the subject of a 
number of reviews (Dolman 1957, 1964; Hobbs 1976, 1981; Sakaguchi 1979; Huss 
1981: Barnes and Mead 1986: Smith 1990; Dodds 1993a). In some areas of the world. 
soil or sand is so heavily contaminated that almost every sample taken will contain it 
(Roberts and Lund 1991 ). 
Soil surveys revealed the predominance of type A C. botulinum in the Western 
United States. Brazil and Argentina and proteolytic type B in the Eastern United States, 
types C, D, E, F and G also occur (Sakaguchi 1979; Smith 1990; McClure et al. 1994). In 
South America, C. botulinulIl types A, C, F and G were detected in soil (Halbinger 1973: 
Sakaguchi 1979: Hayashi et al. 1990). Extensive surveys of mud collected from the 
Pacific coast, U.S . Atlantic coast, East coast of the U.S., Canada, Gulf of Mexico and 
more southern Atlantic oceans detected types A through F (Pressnell et al. 1967; Ward 
et al. 1967 a, b, c; Hobbs 1981). Eklund et aL. (1982, 1984) recovered type E spores at 
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high levels from farm sediments following an outbreak of botulism in juvenile coho 
salmon in the United States. Bou et al. (1968), Sugiyama et al. (1970) and Halbinger 
( 1973) estimated the numbers of C. botulinum in freshwater sediments from Green Bay 
and rivers. Eklund and Poysky (1 967) and Nickerson et al. (1967) have reported the 
level of contamination of sediments from the U.S. East coast and the Pacific coast. 
The prevalence of C. botulinum types A, B, C, D and E were reported in the soil 
surveys conducted in the U.K., Scotland and Europe (Smith and Young 1980; Smith 
1987, 1990; Lund 1986; Ortiz and Smith 1994). Incidence of C. botulinum in sediment 
samples from lakes and water ways in London, Norfolk Broads, Scandinavia, Denmark, 
U. K. , Faroe Islands, Iceland, coastal waters of the Skagerrak, the Kattegat, the Sound and 
the Baltic has been extensively studied (Huss 1980; Hobbs 1981 ; Lund 1986; Smith 
1990). Huss ( 1981 ) estimated the numbers of C. botulinum in sediments from 
Scandinavian waters and in the freshwater sediments from Denmark. Work carried out 
on the freshwater trout farms in Germany, Scandinavia, Scotland, Denmark and the U.K. 
showed occurrence of psychrotrophic strains of types B, E and F in some cases at high 
levels (Bach et al. 1971 ; Huss et al. 1974 Bums and Williams' 1975; Cann et al. 1975 ; 
Cann and Taylor 1982, 1984). Smith ( 1987, 1990) reported incidence of 
C. botulillum in freshwater sediments in the U.K. In the former U.S.S.R., except type D, 
C. botulinum types A-F were prevalent in the soi l and sediment samples (Hobbs 1976; 
Sakaguchi 1979; Huss 1981 ). 
In Asia, soil surveys conducted in Japan (Sakaguchi 1979; Otofuji et al. 1987; 
Smith 1990), Indonesia (Hayashi et al. 1981), the Gulf of Thailand (Tanasugam 
1979), Sri Lanka (Wijiwanta 1962) and India (Pasricha and Panja 1940) demonstrated 
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the occurrence of C. botulinum. The incidence of C. botulinum was reported in 
freshwater sedimenlS from Japan (Hobbs 1976; Azuma and 1I0h 1987; Venkateswaran 
et al. 1989 b), Indonesia (Haq and Suhadi 1981 ), Bangladesh (Huss 1980) and 
brackishwater sediments from Bangladesh (Huss 1980) and India (Lalitha and Surendran 
1993) and marine sediments from Japan (Huss 1981 , Venkateswaran et al. 1989 a), Iran 
(Huss 198 1), Indonesia (Mortojudo et al. 1973; Haq and Suhadi 1981 ; Suhadi et al. 
198 1) and the Gulf of Thailand (Tanasugam 1979). 
In South Africa, survey of soil (Kamiya et al. 1990; Smith 1990) and sediments 
(Smith 1987, 1990) revealed the prevalence of C. botulinum type D. In Egypt, survey of 
mud and water from fish ponds and lakes did not yield any with C. botulinum (Weber 
et al. 1993). In Australia, C. botulinum was isolated from soil and survey of mud 
samples did not yield any C. botulinum type E (Eyles and Warth 1981; Huss 1981). 
2.3 CloslrUiiulII botulinulII in fish and shellfish 
2.3.1 Wild fish and shellfish 
The aquatic environment is highly contaminated with C. botulinum. Therefore, it 
is to be expected that fish will often harbour them. The distribution of C. botulinum in 
fish has been extensively studied and reviewed by Dolman (1957) and others (Hobbs 
1976, 1981 ; Sakaguchi 1979; Huss 1981 ; Smith 1990; Dodds 1993). 
Incidence of C. botulinum in fish was reported from the Great Lakes (Bolt et al. 
1966), Pacific coast (Craig and Pilcher 1967; Eklund and Poysky 1965, 1967; Craig et al. 
1968). U.S . Atlantic coast, Gulf of Mexico and more southern Atlantic oceans (Carroll 
et al. 1966; Ward and Carroll 1965; Ward et al. 1967 a, b, c) and eastern coast of the 
Uni ted States and Canada (Nickerson et al. 1967; Williams-Walls 1968) and inland lakes 
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(Chapman and Naylor 1966). L10brera (1983) found none of the 175 commercial fi sh and 
shellfish samples harvested from the Gulf of Mexico and Pacific coast to be contaminated 
with C. botulinum. In contrast, Baker et al. (1990) found contamination in six out of the 
28 commercial fish and shellfish samples from the Pacific coast. 
With the exception of Scandinavia, the level of contamination of fish in Europe 
appears to be much lower than that in the United States (Dodds 1993 a). A survey of fish 
samples from North sea, England and Wales did not yield any with C. botulinum (Cann 
et al. 1967: Huss 1981 ). Incidence of C. botulinum in fish was reported from Baltic sea, 
Scandinavia, Skagerrak and North sea (Cann et al. 1965 a, 1966, 1968, 1975; Huss and 
Pedersen 1979; Zaleski 1981 ). Clostridium botulinum was detected in fish from 
Germany (Baumgart 1972). Clostridium botulinum was not found in wild freshwater fish 
from Europe (Huss 1981 ) 
In the former USSR, C. botulinum type E was reported to be the predominant type 
in fi sh (Bulatova et al. 1973; Hobbs 1981). 
In Asia, incidence of C. botulinum was reported in fish from Japan (Kanzawa 
et al. 1970; Yamamoto et al. 1970; Azuma and Itoh 1987), Indonesia (Mortojudo et al. 
1973: Haq and Suhadi 1981), the Gulf of Thailand (Tanasugam 1979) and India (Lalitha 
and lyer 1990). 
In South Africa, C. botulinum was not found in fish from Egypt (Weber et al. 
1993). In Australia, a survey of fish did not yield any with C. botulinum (Eyles and 
Warth 1981 ) 
2.3.2 Farmed fi sh 
There have been few surveys for C. botulinum in farmed fi sh. An outbreak of 
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human botu lism in Germany caused by smoked, farm-raised trout has drawn the attention 
to the botulinogenic potential of farm-raised trout (Bach et al. 1971) and resulted in the 
studies to assess the incidence of C. botulillum in trout farms in Gennany (Wenzel et a/. 
1971 ). Denmark (Huss et al. 1974), Scotland (Burns and Williams 1975) Great Britain 
(Cann et al. 1975) and Finland (Ala Huikku et a/. 1977). Botulism or Bankrupt disease 
as a major cause of fish mortality in pond-reared trout was first reported in Denmark by 
Huss and Eskildson (1974) and later in Britain in 1980 (Cann and Taylor 1982, 1984) and 
in the United States (Eklund et al. 1982, 1984). 
Huss et al. (1974) estimated the numbers of C. botulinum in farmed fi sh. Cann 
and Taylor (1982, 1984) estimated the toxin levels in the sick fish. Baker et al. (1990) in 
a survey on C. botulillum in fann-raised catfish and King Salmon from Nimbus hatchery 
est imated the level of contamination in King Salmon. C. botulinum was detected in none 
of the samples in a survey of aquacultured hybrid striped Bass from Maryland (Nedoluha 
and Westhoff 1993). 
Sensitivity of fish to C. botlllinum toxins was reported earlier (Crisley 1960; 
Skulberg and Grande 1967; Hiroki 1970; Haagsma 1975). According to Skulberg and 
Grande (1967) type E proved to be the most poisonous. Cann and Taylor (1982) and 
Eklund et al. (1984) while investigating the conditions contributing to fish botulism 
outbreaks, reported sensitivity of fish to type E toxin. 
2.4 Clostridium botulillum in fishery products 
Contamination of fish with C. botulinum occurs while a product is growing or 
being harvested and is. therefore, more likely when a product originates in an 
environment where the incidence of spores is high. However, contamination can also 
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occur during and after processing unless foods are adequately preserved. 
Earlier survey of fishery products in the United States revealed a6ntamination by 
C. bout/ill lllll in products such as smoked fish (Pace el al. 1967. Fantasia and Duran 1969; 
Hayes el (II. 1970). commercially produced haddock fillets (Goldblith and Nickerson 
1965). commercial vacuum packed frozen flounder (Insalata el al. 1967). frozen packaged 
fi sh (Thatcher el al. 1967). canned salmon (I-Ioughtby and Kaysner 1969) and retail fish 
(Post el (II. 1985). In Califomia. C. botulinum type E was not detected in any of the 35 
samples of commercial seafood cocktails (Lerke 1973). Abeyta ( 1983) did not detect 
C. bOllllillulII in the 287 samples of shellfish and finfish evaluated. In a later survey. Lilly 
and Kau tter ( 1990) found none of the 1074 samples of commercial vacuum-packed fresh 
fish in the United States to be contaminated with C. bOlulinum. Baker el al. (1990) found 
an overall contamination level of 22% and 67% in two surveys of fresh fish and other 
seafoods from Califomia super market. In a survey of both hot and cold smoked ready to 
cat fish at the retail level in Toronto region. C. bOILllinum was not detected in any of the 
100 samples analysed (Dodds el al. 1992). 
In Europe. with the exception of Scandinavia. the level of contamination of 
prepared fi sh appears to be much lower than that in the United States (Dodds 1993 b). 
Survey of fishery products in Europe demonstrated C. bOlulinum in vacuum-packed fish 
in England (Cann el al. 1965 b. 1966). in smoked herring and trout in Sweden (Johannsen 
1965), in smoked salmon in Denmark (Nielsen and Pedersen 1967). in smoked Eel in the 
Baltic area (Abrahamsson 1967). in smoked trout fillet in Germany (Wenzel el al. 1971; 
Back et 01. 1971 ) and in fresh and vacuum-packed trout at the retail shops in the U.K. 
(Jarvis and Patel 1980). C. botulinum was not detected in vacuum-packed fish in 
II 
England (Hobbs et al. 1965). Gibbs et al. (1994) found none of the 500 refrigerated 
packaged smoked and raw fish currently in sale in the U.K. to be contaminated with 
C. botllli,Il/IIl. 
In Asia, C. botulinulll was detected in salted and smoked carp in Iran 
(Rouhbakhsh-khaleghdoust 1975), in commercially prepared and home made izushi in 
Japan (Kanzawa et al. 1970), in trout products originated from Japan and sold in the U.K . 
(Jarvis and Patel 1980) and in fish sold at the retail shops in Osaka (Haq and Sakaguchi 
1980). ClostridiulIl botulillulIl was demonstrated in fi sh and sea foods from commercial 
fishermen, Pindang and boiled fi sh from various markets in Indonesia (Suhadi et al. 
1981) and in fish and cured fish sold at the retail markets in Cochin , India (Lalitha and 
Surendran 1992, 1993). However, Rouhbakhsh - Khaleghdoust (1975) failed to detect 
C. botill illlllll in any of the 17 samples of salted and smoked fish in Iran. 
2.5 Fishery products and Botulism outbreaks 
Botu li sm is widely distributed, but its real prevalence in the world is unknown as 
nearly all our information comes from the more highly developed countries. Numerous 
outbreaks (nearl y 3390 outbreaks) of human botulism have been recorded in the world 
during the last four decades with food identified. Fish and fishery products have been 
implicated in 14% of all outbreaks. 91 percent of the botulism outbreaks were assoc iated 
with home-preserved products whereas commercially processed products were involved 
in only 9 percent of the outbreaks (Hauschild 1993). In the United States and China, 
vegetables are the mai n source of botulism. In Poland and continental Europe (apart from 
Spain and haly), meat is the main source. In Alaska, Norway, Sweden. Japan, Iran and 
12 
the former Soviet Union, the majority of the outbreaks were associated with fish . 
Sakaguchi ( 1979); Licciardello (1983); Hauschild ( 1993) and Todd (1997) have 
extensively rev iewed the recorded food-borne botulism cases. Almost all type E 
outbreaks were due to fish, fish eggs or sea mammals all over the world (Sakaguch i 
1979). Fresh fi sh have never been implicated in human botulism (Huss 1994). In a 
review of the food safety hazards, Reilly and Kaferstein (1997) have indicated that 
although botuli sm associated with aquacultured fi sh is very rare, it should not be 
overlooked in carrying out a hazard analysis. 
In the United States, of the 39 outbreaks reported from fish, 25 occurred in Alaska 
alone. In fish- borne botulism outbreaks, canned tuna fish from Detroit (Johnston et al. 
1963), commercial smoked wh ite fish chubs from Great Lakes (Sakaguch i 1979), 
commercially produced salt-cured air dried uneviscerated white fish (Kapchunka) in the 
United States (McClure et al. 1994) and fi sh from Hawaii and Puerto Rico (Hauschild 
1993) were implicated. In Canada, fish was implicated in 20 percent of the 75 botulism 
outbreaks . Raw, parboi led or dried fi sh, raw or undercooked flesh of seal, whale or 
walrus, fermented salmon eggs and smoked fish were identified as the responsible foods 
in the above outbreaks (Hauschi ld 1993). 
In South America, outbreaks of fi sh borne botulism have been reported only from 
Argentina, Mexico and Brazil (Hauschild 1993). Pickled trout and carp from Argentina, 
canned tuna from Mexi.;o and home-preserved fish from Brazil were implicated in the 
outbreaks. Reports of botulism from other Latin American countries have been sporadic. 
In Europe fish-borne botuli sm outbreaks have been reported from Norway, 
Poland. Germany, Belgium, Czechoslovakia, Italy, Portugal and Spain. Most of the 
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implicated fi shery products were commercially canned in Poland, home-preserved fish in 
Czechoslovakia and Germany, smoked trout fillet in Germany, imported Alaskan salmon 
in cans in Belgium, home-preserved fish in Italy (Hauschild 1993), rake fish (raw 
fe rmented trout) in Norway, smoked fish in Denmark, fi sh products in Sweden, pickled 
fish and canned salmon in Britain (Hauschild 1993). In Austria, Greece, Netherlands, 
Finland. Northwales, Ireland and Iceland, outbreaks of fish-borne botulism have not been 
recorded till 1989. 
In the former U.S.S.R., fish-borne botulism outbreaks have been recorded in the 
period 1958-64 and afterwards epidemiological work on botulism has been discontinued. 
Home preserved fish were implicated in two third of the total 83 outbreaks (Hauschild 
1993). 
In Asia, fish-borne botulism has been reported only from a few countries. Fishery 
products implicated in the outbreaks included ribbetz or kapchunka (brined air-dried 
freshwater fish) processed in New York and brought to Israel (Stater el al. 1989; Telzak 
et al. 1990), ashbal (home-preserved fish eggs) in Iran, 'izushi' and Kirikomi in Japan 
(Owens and Mendoza 1985; Hauschild 1993). Fish-borne botulism has not been reported 
from Ind ia. Bangladesh, Thailand, Indonesia, Taiwan and China. 
In Africa, the first recorded fi sh-borne botulism occurred III 1982 (Hauschild 
1993). In Egypt, faseikh - a traditional salted fish, was implicated in botulism outbreak 
(Weber el al. 1993). 
In Australia, only one fish-borne botulism outbreak has so far been reported in the 
period 1942 to 1983 associated with canned tuna. An outbreak of botulism was also 
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reponed in New Zealand. The incriminated food was a batch of home bottled fermented 
mu sel mixed with watercress, a traditional Maoridish (West 1989; Hauschild 1993). 
Clostridium botulinum types A, Band E are the common types involved in human 
botulism and type F is involved to a lesser extent. Hauschild (1993) reported that because 
of very low tox icity to primates, the presence of toxins C and D is probably not a 
significant factor in pathogenesis. However, types C and D have both been implicated in 
earlier outbreaks (Robens and Gibson 1979; Hauschild 1993); but either type as the cause 
of human botulism is in some doubt (Hauschild 1993). Sonnabend and Sonnabend (1981) 
found C. botulinum type D and tox in in patients who died unexpectedly with symptoms 
like respiratory difficulty and severe dysphagia. Fastidiousness of type C in experimental 
monkey (Dolman et al. 1961 ) and an outbreak of type C botulism in captive monkeys 
have also been reponed (Smith 1990). Recently, a case of infant botulism by type C was 
reported in Japan (Oguma et al. 1990). 
2.6 Stability of Clostridium botulinum toxin 
The stability of C. botulinum toxins at various temperatures has been extensively 
studied (Scott 1950: Scott and Stewart 1953; Prevot and Brygoo 1953; Cartwright and 
Lauffer 1958; Abrahamsson et al. 1965; Licciardello el al. 1967 a, b; Losikoff 1978; 
Woolford et al. 1978; Bradshaw et al. 1979; Roberts and Gibson 1979; Lewis 1981). 
Cardella et al. (1960) have reported high toxicity of botulinum type D toxin after 
frac tionation by series of alcohol precipitations and a potentiating activity of gelatin 
phosphate dilutent on the type D toxin. Woodburn et al. (1979) have shown that the 
substrate in which toxin is heated has a marked effect on the inactivation rate. Yao et al. 
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(1973); Woolford et al. ( 1978) and Hubalek and Halouzka (1988) reported that the toxin 
of C. botulillum is unaffected by freezing. Stability of botulinum tox in to frozen storage 
has been reported by several investigators (Georgala and Hurst, 1963; Genigeorgis and 
Riemann 1979; ICMSF 1980; Huss 198 1) Botulinum toxin once formed is stable at chi ll 
temperature and at ac id ic pH (Sakaguchi 1979). Standing at room temperature at pH 6.2 
or 6.8 results in a gradual loss of toxic ity (Lewis 1981 ). Roberts and Gibson (1979) have 
reported lower stability of botulinal toxins in simple buffers than in buffered systems 
containing gelati n. Huss and Peterson ( 1980) have shown the stability of type E toxin at 
room temperature in steri le cultu re filtrate or spoiling fish and in low acid fish products 
and toxin is unaffected by sterile saturated salt solutions and in salted fish. Wheaton and 
Lawson ( 1985) reported that the toxin is easily destroyed by heat (2 min at 70°C). 
Hubalek and Halouzka (1988) studied thermal sensitivity of C. botulinum type C toxin. 
2.7 Control of Clostridium botulinum in fish and fishery products 
Comrol of C. botlllil/lIIl/ in fi sh and fishery products is achieved by inhibition of 
growth and toxin production of C. botulinum. The growth of C. botulinum in foods 
depends on a number of limiting factors such as temperature, pH, water activity, redox 
potential , gaseous atmosphere, added preservatives and competing microflora and the 
inh ibitory effects of those factors alone on growth and toxin production of C. botulinum 
are well documented (Sperber 1982; Eklund 1993; Gaze 1992; McClure et al. 1994). 
Lynt et al. ( 1982) reviewed the differences and similarities among proteolytic and non-
proteolytic strains of C. botulinum types A, B, E and F. Psychrotrophic C. botulinum can 
grow at temperatures at which fish and fi sh products are normally held and this has raised 
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concerns over the possibility of unchecked growth of these orgamsms under some 
methods of pre-processing and packaging, increasingly common in modern food retailing 
(Liston 1990). 
2.7.1 Temperature 
Several investigations have been undertaken in the past to define the range of 
temperatures which permit initiation of growth and toxigenesis in culture media and 
foods by the various serotypes of C. botulinum (Ohye and SCOll 1953, 1957; Schmidt 
el al. 1961 ; Eklund et al. 1967 a, b; Roberts and Hobbs 1968; Segner el al. 1971 ; 
Solomon el al. 1977, 1982; Smelt and Has 1978; Sugiyama 1980; Sperber 1982; Jensen 
el al. 1987; Eklund 1993; Graham and Lund 1993; Lund 1993). Strasdine and Kelly 
( 1967), Boyd and South COli (1968), Lerke and Farber ( 1971), Solomon el at. (1977, 
1982). Patel et al. (1978), Huss (1981), Goldmintz el at. ( 1983) and Fletcher et al. (1988 ) 
emphasised the way in which growh temperatures can be influenced by the substrate. The 
spores of C. botlllinllm appear to be completely resistant to freezing (Cardella et at. 1960; 
Gcorgala and Hurst 1963). Studies have been conducted in the kinetics of toxin 
production by changing the temperature, pH or some other conditions. (Bon ventre and 
Kempe 1960; Siegel and Metzger 1979, 1980; Siegel 198 1). 
2.7.2 pH 
Acidification (low pH) is used widely to control growth and toxin production of 
C. b 0 11l1i1l1l1ll in food products (Sperber 1982; Eklund 1982, 1993). Segner et al. ( 1966) 
and Lerke ( 1973) studied the pH range for growth of C. bOlulinum in a variety of culture 
media and crab cocktail. Odlaug and Pflug (1978), Raatjes and Smelt ( 1979). Smelt et al. 
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(1982), Lund et al. (1987), Young Perkins and Merson ( 1987) and Dodds ( 1989) 
demonstrated growth and toxin production of C. botulinum at pH values below 4.6 in 
laboratory media or under laboratory conditions where there is high concentration of 
proteins present and various acidulants used. Growth of a mould (Odlaug and Pflug 
1979) or of Bacillus licheniformis (Montville 1982) in an acidic food may elevate the pH 
to a value higher than 4.6 and allow growth of C. botulinum. Several investigators have 
shown that the inoculum size, type of strains used, incubation temperature and medium 
utilized affects the minimum pH at which outgrowth of C. botulinum in a food product 
will occur (Lerke 1973; Ito and Chen 1978; Smelt et al. 1982; Wong et al. 1988). 
Roberts and Gibson (1979) reported that the minimum pH for growth and toxin 
production of type C was similar to or slightly higher than that for types A, Band E. 
2.7.3 Water activity (aw) 
Reducing aw is a well known way to improve the microbial stability of foods 
(ICMSF 1980; Richard Molard and Lesage 1986). The primary influence of aw on growth 
and toxin production of C. botulinum was investigated by Segner et al. (1966, 1971 a. b). 
Baird and Parker (1967), Ohye and Christian (1967). Emodi and Lechowich ( 1969) and 
Roberts and Ingram ( 1973). Roberts and Gibson (1979) reported type C as more sensitive 
to sodium chloride than types A, B or E. Huss and Petersen (1980) showed stability of 
C. botll/illlllll type E toxin for weeks at room temperature in saturated salt (NaCI) 
solutions and in salted fi sh. Lund and Wyatt ( 1984) studied the interaction of redox 
potent ial with sodium chloride concentration on the probability of growth of 
C. botulillulII type E. Sperber ( 1982), Eklund (1982. 1993) and Mc Clure et al. ( 1994) 
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reviewed the combination of water activity and salt concentration minimum values for 
growth and toxin production of C. botulinum and the factors important when considering 
the minimum aw for growth. 
2.7.4 Gaseous atmosphere 
Modification in gaseous composition during storage has been promoted as a 
means of extending the storage life of fres h fishery products (Finne 1982; Cann et al. 
1983. 1984; Genigeorgis 1985; Hotchkiss 1988; Gopal et ai. 1990, 1996; Reddy et al. 
1992). Several investigations have demonstrated that vacuum packaging is not a 
rcquiremcnt for C. botulinum growth in fish (Cann et al. 1980; Eyles and Warth 1981 ; 
Huss 1981: Eklund 1982; Penny et al. 1994). Schofield (1992) reviewed the significance 
of C. bOllllillUIli in chilled vacuum-packed foods and the potential hazard. 
Studies attempting to assess the risk of C. botulinum toxigenesis in fish stored at 
low and abused temperatures under a variety of Modified Atmosphere have been 
reported (Cann et 01. 1965, 1980; Huss 1981 ; Stier et 01. 1981 ; Eklund 1982; Post et ai. 
1985 ; Lindroth and Genigeorgis 1986; Ikawa and Genigorgis 1987; Garcia and 
Gcnigcorgis 1987: Garcia et 01. 1987) and in a model broth system (Jensen et ai. 1987). 
Farber ( 1991 ) reviewed the microbiological aspects of Modified Atmosphere Packaging 
(MAP) Technology. Several investigations on pre-treatment of fishery products before 
vacuum or MAP have been reported to improve the shelf life (Reddy et 01. 1992;). MAP 
in combination with low temperature storage may not provide the safety required for 
extcnded storagc of fresh fi sh products with respect to out growth and toxin production 
by non-proteolytic strains of C. botulillum (Reddy et ai. 1992; Gibbs et al. 1994). Reddy 
el al. ( 1996). while investigating the potential for toxin development by C. bolulillum 
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lype E in pond raised lilapia fillets concluded that Modified Atmosphere Packed and 
vacuum packed fish held to severe temperature abuse condition may pose a public health 
hazard. 
2.7.5 Combination effects 
A number of studies have examined the effects of combinations of factors such as 
pH, a", , temperature against growth and/or toxin production of C. botulinum (Segner 
el al. 1966; Baird-Parker and Freame 1967). Less salt is needed under acid conditions to 
inhibit growth of C. botulinum (Roberts and Ingram 1973). Hauschild et al. (1982) 
combined different brine and nitrite concentrations and temperature to monitor the effects 
of combinations on C. botulillum present in liver sausage. Lund et al. (1985) and Graham 
and Lund (1987) investigated the combined effect of temperature and pH on the growth 
of C. bOllllillulI!. Fermented aquatic products depend primarily on low pH and high salt 
content to prevent growth of C. botulinum (Wheaton and Lawson 1985). Lund et al. 
(1990) monitored the combined effect of pH, temperature and preservative on the growth 
of C botldilllll1l. Graham et at. (1996) studied the inhibitory effect of combinations of 
heal treatment, pH and sodium chloride on growth from spores of non-proteolytic 
C. bolulillum at refrigeration temperature. The effect of additional barriers such as starter 
cultures of Lactic acid bacteria, bacteriocins or essential oils on the inhibition of growth 
and loxin production were also evaluated (Okereke and Montville 1991 ; Crandall and 
Montville 199 .3; Chaibi et af. 1997). 
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3. MATERIALS AND METHODS 
3.1 Materials 
3.1.1 Media 
The bacteriological media used In the study included dehydrated media and media 
compounded in the laboratory. 
3. 1.1.1 Dehydrated media 
Dehydrated media supplied by Oxoid, England were used. The media util ized 
were fluid thioglycollate medium and Baird-Parker Agar. 
3. 1.1.2 Media compounded in the laboratory 
Cooked meat medium (CMM) 
Ingredients 
A Beef heart 
Distilled water 
Sodium hydrox ide ( I N) 
B. Tryptone 
Proteo ·se peptone 
Yeast extract 
Sodium chloride 
D-Glucose 
Sodium thioglycollate 
Soluble starch 
500 g 
1000 ml 
25 ml 
IO.Og 
20.0g 
5.0g 
5.0g 
4.0g 
I.Og 
2.0g 
Cooked meat medium (modified) was prepared according to the method outlined 
in FDA bacteriological analytical manual (1295). Fresh beef heart was used instead of 
dehydrated beef infusion. pH was adjusted to 7.4. Autoclaved at 121 DC for 15 min. 
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Trypticase-peplOne glucose yeast extract (TPGYB) broth 
Ingredients 
Tryptone 
Bacto-peptone 
Yeast extract 
Dextrose 
Sodium thioglycollate 
Distilled water 
50.0g 
5.0g 
20.0g 
4.0g 
1.0g 
IOOOml 
The medium was prepared according to FDA Bacteriological Analytical Manual 
(1995). Immediately before use, boiled 10-15 min to remove oxygen and cooled quickly. 
For the growth of C. botulinum type E, aseptically added I ml of trypsin solution 
per 15ml Broth 
Prepared trypsin solution by dissolving 15g trypsin (Difco I :250) in 100mi 
di stilled water. Sterilized by filtering through 0.45 ~m Millipore filter and refrigerated. 
Tryptone soy tone glucose yeast extract (TSGYB) broth 
Ingredients 
Tryptone 
Soy tone 
Yeast extract 
Dextrose 
Distilled water 
50.0g 
5.0g 
20.0g 
5.0g 
1000 ml 
Dispensed 15ml portions into 20x 150mm culture tubes Autoclaved 15min. at 
121 °C. Final pH 7.0±0.1. 
Aseptically added 0.15ml glucose (50%) solution per 15ml broth after 
steri lizat ion. 
50% glucose solution was prepared and sterilized by filtering through 0.2!Jm 
Millipore filter. 
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Tryptone soy tone glucose yeast extract agar (TSGYA) 
Ingredients 
Tryptone 50.0g 
Soy tone 5.0g 
Yeast ex tract 20.0g 
Dextrose 50.0g 
Sodium bicarbonate 1.0g 
Agar 20.0g 
Distilled water 900ml 
Egg yolk emulsion (50%) 100mi 
Hemin 0.005g 
L-cysteine hydrochloride O.4g 
Vitamin K 0.001 g 
All ingredients except glucose, hemin, vitamin K, L-Cysteine hydrochloride and 
egg yolk emulsion were dissolved and the pH was adjusted to 7.2±Jj.1 and autoclaved for 
15min at 121 °C according to the method outlined by Lalitha and Surendran (1993). 
50% sterile glucose solution was prepared by filtering through 0.2~m millipore 
filter and aseptically added to the tempered medium. 
Dissolved the hemin and the L-cysteine hydrochloride in 5ml of IN NaOH. filter 
stcrilized and added to the tempered medium. 
Added vitamin K from a filter sterilized stock alcoholic solution containing I g of 
3 phytyl menadione (Vi tamin K) plus 99ml of absolute alcohol. 
50% Egg yolk cmulsion was prepared according to the method followed by FDA 
Bacteriological Analytical Manual (1995). 
23 
Peptone Yeast extract (PY) basal medium 
Ingredients 
Tryptone O.Sg 
Peptone O.Sg 
Yeast extract 1.0g 
Vitamin K I ( I % solution) O. lml 
Hemi n ( I % solution) O.lml 
L-cystei ne hydrochloride O.OSg 
Salt solut ion* 4ml 
Disti lled water looml 
*Salt solution 
CaCh 0.2g 
MgSO. 0.2g 
K1HPO. 1.0g 
KH1PO. 1.0g 
NaHCOJ 10.Og 
NaCI 2.0g 
Mixed CaCI2 and MgSO. in 300ml disti lled water until di ssolved. Added Sooml 
distilled water and swirled the liquid slowly while adding remaining salts. Added 200ml 
distilled water. From this stock solution added 4 ml to looml medium. 
The medium was prepared according to the method followed by Dowell el al. 
(1981) and as modified by Sneath (1986). 
10% solutions of sugars glucose, sucrose, Lactose, salicin, raffinose, Mannose, 
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Maltose, galactose, melibiose and fructose were prepared , filter sterili zed and added to 
PY basal medium aseptically to give a final concentration of I %. For hydrolysis of 
esculin , esculin I % and ferric ammonium citrate 0.5% were prepared, filter sterilized and 
aseptically added to PY basal medium to give a final concentration of 0.1 % and 0.05% 
respectively. 
Iron milk medium 
Non-homogenized milk 200ml 
The medium was prepared according to the method fo llowed by Dowell el at. 
(1981). Placed few iron fillings in the bottom of the tubes. Added 7-8 ml milk to each 
tube. Autoclaved at 11 6°C for 20 min. 
Trypticase yeast extract glucose (TYG) medium. 
Ingredients 
Trypticase 3.0% 
Y cast extract 2.0% 
Glucose 0.4% 
L-Cysteine hydrochloride 0.1 % 
The medium was prepared according to the method followed by Eklund and 
Poysky (1972) and as modified by Strom el al. (1984) . 
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Reinforced Clostridial Medium (RCM Agar) 
Ingredients 
Peptone IO.Og 
Lab lemco powder 8.0g 
Yeast extract 2.4g 
Cysteine hydrochloride O.5g 
Glucose S.O.g 
Sodium acetate anhydrous S.Og 
Soluble starch LOg 
Agar IS .Og 
Distilled water IOOOml 
The medium was prepared according to the method followed by Barns (1985). 
Tryptose sulfite neomycin (TSN) agar 
Ingredients 
Tryptose IS .Og 
Soy tone S.Og 
Yeast extract S.Og 
Sodium metabisulphite LOg 
Ferric Ammonium citrate LOg 
Agar 20.0g 
Distilled water 900 ml 
Adjusted pH to 7.6±O.2. Autoclaved IS min at 121 °C. To each litre of sterile 
medium. added filter sterilised I % solution of neomycin sulfate (Will is 1979). 
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Buffered motility nitrate medium 
Ingredients 
Beef ex tract 3.0g 
Peptone 5.0g 
KNO) 5.0g 
a2HPO, 2.5g 
Agar 3.0g 
Galactose 5.0g 
Glycerol 5.0g 
Distilled water IOOOml 
The medium was prepared according to the method followed by FDA 
Bacteriological Analytical Manual (1995). 
Lactose gelatin medium 
Ingredients 
Tryptose 
Yeast extract 
Lactose 
15.0g 
IO.Og 
IO.Og 
Phenol red (I % solution in 5.0ml 
95% ethanol 
Gelatin 12.0g 
Distilleld water IOOOml 
Adjusted pH to 7.5±O.2. The medium was prepared according to the method 
outlined in FDA Bacteriological Analytical Manual (1995). 
Plate Count Agar (PC A) 
Ingredients 
Tryptone 
Yeast extract 
Dextrose 
Agar 
Distilled water 
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5.0g 
2.5g 
LOg 
15.0g 
1000 ml 
The medium was prepared as per the method followed by FDA bacteriological 
analytical Manual (1995). 
Medium for testing Hydrogen sulphide production 
Ingredients 
Peptone LOg 
Soy tone O.3g 
Proteose peptone LOg 
Digest serum powder 1.35g 
Yeast extract O.5g 
Meat extract O.22g 
Liver extract O.12g 
KH 1P04 O.25g 
NaCI O.3g 
Soluble starch O.5g 
Cysteine - HCI O.03g 
Sodium thioglycollate O.03g 
FeSO.7H1O O.O I5g 
Na2S20]5H20 O.03g 
Agar O.75g 
Distilled water 100ml 
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The medium was prepared according to the method followed by Oguma et al. 
( 1986). 
KF agar 
Ingred ients 
Proteose peptone 1% 
Yeast extract 1% 
Sodium chloride 0 .5% 
Sodium glycero phosphate 1% 
Maltose 2% 
Lactose 0.1% 
Sodium azide 0.04% 
Sodium carbonate 0.064% 
Bromocresol purple lo5ml 
(0.1 % solut ion) 
Agar 2% 
Distilled water looml 
adjusted pH to 7.2±0.1 and autoclaved 30 min at 121 DC. To each looml of the cooled 
medium. I ml of 1% 2.3.5 triphenyl tetrazolium chloride (TIC) was added before pouring 
into the plates. 
Mac Conkey (MC) broth 
Ingredients 
Peptone 
Lactose 
Bile salts (No.3) 
Sodium chloride 
Bromocresol purple 
Crystal violet 
Distilled water 
20.0g 
10.Og 
5.0g 
5.0g 
0.015g 
O.oolg 
1000 ml 
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Adjusted pH to 9.4 and autoclaved 20 min at 115°C. Double strength and single strength 
MC broth were prepared accord ing to the method outlined by Harrigan and Mc Cance 
( 1976). 
Gelatin phosphate (GP) Buffer 
Ingredient 
Gelatin 
a2HPC4 
Distilled water 
2.0g 
4.0g 
1000 ml 
The buffer was prepared accordi ng to the method followed by FDA 
Bacteriological Analytical Manual ( 1995). 
Ph ysiological saline solution 
Ingredients 
Sodium chloride 
Distilled water 
8.5g 
IOOOml 
The diluent was prepared as per the method followed by FDA Bacteriological 
Analytical Manual ( 1995). 
3.1.2 Chemicals 
Ingredients such as peptone, proteose peptone, tryptone, beef extract, yeast 
extract, agar powder, gelatin, Trypsin ( 1.250) and Esculin for bacteriological media and 
reagents were supplied by Oxoid (England) and Difco (USA). Gas generating kit, catalyst 
and anaerobic indicator were supplied by Oxoid (England). 
Clostridium botulillulll types A-F monovalent antitoxins and polyvalent antitoxin 
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were obtained from Centre for Disease Control, Atlanta, Georgia. 
Chemicals such as neomycin sulphate, fructose , galactose, melibiose, Raffinose, 
salicin. vitamin K and Hemin were obtained from Sigma Chemicals, U.S.A. Other 
chemicals used were of BDH (England), Sisco (India), E-merk (India), Himedia (India) 
brands. Paraffin oi l was supplied by Sd Fine Chemicals (India). 
3.1.3 Mice 
Swiss Webster mice obtained from NlN, Hyderabad and reared in the Institute 
ani mal house were used for toxicity test and toxi n typi ng 
3.1.4 Clostridium botulinum strains 
C. bOllllillUIli cultures used in the study included (I ) strains isolated and identified 
in course of thi s work. They were maintained in CMM. (2) Strains of C. botulinum type 
A ( cm 10640), B (NCm 10657) and E (NCm 10660) received from National 
Collection of Industri al Bacteria (NCID), England and type 0 (ATCC 27517) from 
American Type Culture collection (ATCC), USA. These strains were used as reference 
strains . 
3.2 Methods 
3.2.1 Sampling 
3.2. 1.1 Fish/shrimp farms 
Six farms located in and around Cochin were chosen for examination each 
varying from the others in type of farming practice, water source and differing 
geographical location . The farms were examined at monthly intervals for 6 months from 
October 1995 to March 1996. 
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Farms A and B are semi-intensive shrimp (Penaeus monodon) farms using back 
water and feeding dry commercially produced pelletized feed. Farm C is a pokali (paddy) 
fie ld farming shrimp during December-March and June-September. In other aspects, it 
re embled farms A and B. Farms D and E are extensive farms doing polyculture with 
stocking fish and shrimp. There is no additional feeding. Farm F is an extensive shrimp 
(Pella ells illdicus) farm with stocking and feeding commercially produced pelletized diet. 
Water samples from six farms and feeder canals were collected aseptically in 
terile 500 ml sampling bottles. Sediments were collected by means of a long handled 
metal scoop and transferred to sterile polythene bag and transported to the laboratory. 
Soil from farm and the immediate agriculture area and feed samples from shrimp farms 
were collected aseptically in sterile polythene bags and transported to the laboratory for 
estimation of microbiological paramelers and for the detection of C. bOllllinum. Fish and 
hrimp samples were collected aseptically in sterile polythene bags. All the samples were 
transported immediately on ice to the laboratory and subjected to analysis for 
microbiological parameters and for C. bOllllinum. 
Water samples were analysed for environmental parameters such as temperature, 
pH, di solved oxygen and salinity. 
3.2.1 .2 Mud and bivalves from coastal waters 
Mud samples collected from the coastal fish landing centres and coastal open 
water farms along the west and east coasts were transferred aseptically to sterile 
polythene bags and transported to the laboratory for the detection of C. bOlulinum. 
Wild mussel samples collected from local seafood suppliers near Chellanam and 
Narakkal were transferred to sterile polythene bags and transported to the laboratory for 
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analys is. Farmed mussel (Perna viridis) samples and Oyster (Crassostfea madrasensis) 
amples were collected aseptically in sterile polythene bags from Calicut and from the 
long line culture trial s at Andhakaranazhi and Narakkal of Central Marine Fisheries 
Research Institute. Cochin and transported to the laboratory under ice and analysed for 
C. bolulillUIIl . 
3.2.1 .3 Cultivable fi sh/she llfish and trash fish 
Fish and shellfish li sted by FAO (1996') as species used in aquaculture were 
selected for the study. Samples were collected aseptically in polythene bags either from 
department vessel operating off Cochin or from the retail outlets in and around Cochin 
and transported to the laboratory under ice and analysed for C. botulinum 
Trash fi sh were procured from the department vessel operating off Cochin and 
from the retail outlets in and around Cochin and aseptically transferred into sterile 
polythene bags and transported immediately to the laboratory under ice and examined for 
the presence of C. bOlulillum . 
3.2.1.4 Farmed shrimp for chilled storage 
Skg of farmed shrimp (Penaeus illdicus) were collected from a local shrimp farm 
and transported under ice to the laboratory within 1-2h Shrimp were beheaded, washed 
and iced in the ratio of 1: 1 in an insulated ice box and maintained at O°C for 12 days. 
Samples were withdrawn on 0 (fresh), 4, 8 and 12 day iced storage and qualitatively and 
quantitativel y anal ysed for C. bOll/linum. 
3.2.1.S Frozen fi sh/shellfish 
Fresh fi sh/shellfish were held at-23°C for one month in order to determine 
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whether or not low temperature storage has an adverse effect on the viability of 
-c. botlililllllll . 
Farmed shrimp (Pellaells indiclIs ) and green mussel (Perna viridis) were collected 
as descri bed in 3.2. 1.4 and 3.2.1 .2 and were washed after in itial analysis, packed in 
polythene bag, quick frozen at -40°C and kept at frozen storage (-23°C) for 3-4 weeks 
and analysed for C. botulillulII. 
Fish/shellfi sh samples collected by the department vessel , off the south west coast 
of India, were washed, packed in polythene bags, quick frozen at -40°C onboard the 
vessel and stored at - 18°C. They were transported to the laboratory and kept at frozen 
storage (-23°C) fo r 3-4 weeks and analysed for C. botulinulll. 
3.2. 1.6 Cured fi shery products 
Cured fish/shellfish samples from the retail outlets, in and around Cochin, were 
asepticall y co llected in sterile polythene bags and transported to the laboratory fo r the 
esti mation of chemical parameters such as salt content , moisture content and water 
activity and for the detection of C. botulillum. 
3.2.2. Estimation of Environmental parameters 
Fish/shrimp farms (A-F) were monitored at monthly intervals for environmental 
parameters such as temperatu re, pH, dissolved oxygen and salinity. Temperature of the 
farm water was monitored using a thermometer. The pH of the water sample was 
measured with a glass electrode using a pH meter (Systronics , Bombay). Dissolved 
oxygen and salinity were estimated according to the methods followed by Strickl and and 
Parsons ( 1968). 
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3.2.3 Estimation of chemical parameters 
Cured fish/shellfish samples procured from local retail outlets were analysed for 
sodium chloride and moisture contents. Moisture and sodium ch loride contents were 
determined according to the methods followed by AOAC (1990). The water activity of 
cured fi sh samples were estimated using the water acti vity meter (Lufft aw - Wert-Messer, 
Germany) 
3.2.4 Estimation of microbiological parameters 
Water samples collected asepticall y from the farms (A-F) and feeder canals were 
serially diluted in sterile physiological saline and pour plated on PCA for total viable 
count (TPC) according to FDA (1995), on RCM agar for total anaerobic count (T AC) 
according to Barns ( 1985) and TSN agar for total clostridial count (TCC) according to 
Willi s (1979). 
Aseptically weighed 25g samples of mud into a sterile stomacher bag and added 
225 ml physiological saline and homogenized for I min . in a stomacher (Seward Medical, 
London). All serial dilutions were prepared in sterile physiological saline and pour plated 
on PCA for TPC, RCM Agar for T AC and TSN agar for TCC. 
Of farmed fi sh samples skin with muscle portions and intestine portions were 
analysed separately. The 3-4 fish were randomly selected for analysis. Skin with muscle 
portions were removed aseptically with steri le surgical scapel and forceps . Weighed 25g 
portions aseptically and emptied into steri le stomacher bag and added 225ml sterile 
physiological saline. The intestinal contents were aseptically removed and emptied into 
sterile stomacher bag The bags were then weighed and enough sterile physiological 
saline added to make a I: 10 dilution . Samples were then homogenized for I min . in a 
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stomacher. All serial dilutions were prepared and pour plated for TPC on PCA. for TAC 
on RCM agar and for TCC on TSN agar. 
Shell with muscle and intestine portions of shrimp were analysed separately. 
Whole sh rimp samples were also analysed. In the case of shell with muscle pOrlions and 
intestine portions. 10-12 shrimp samples were used for analysis as described above for 
fish samples. 
Commercial pelleted feed samples collected from shrimp farms included starler 
A. B. grower and finisher feed. All feed samples were analysed for TPC. TAC. TCC. 
staphylococcus count. streptococcus count and coliform count. Feed samples were 
homogenized using a steri le mortar and pestle. Weighed 25g homogenized feed into a 
sterile stomacher bag and added 225ml sterile physiological saline. homogenized for 
I min in a stomacher. Serial di lutions were prepared and pour plated on PCA. RCM agar, 
and TSN agar and also on KF agar. for Streptococcus count. Samples were spread-plated 
on Baird-Parker (BP) agar for staphylococcus count. For coliform count. 10 ml portions 
were transferred to 3 double· strength MC broth tubes and I ml each to 3 tubes of single 
strength MC broth and 0.1 ml each to 3 tubes of single strength MC broth 
Plate count Agar plates were incubated aerobically at 30°C for 48h RCM agar 
plates and TSN agar plates were incubated anaerobically in Gaspak jar (Oxoid) at 30°C 
for 48h Baird parker agar plates and KF agar plates were incubated at 35°C for 24h and 
48 h respectively . After incubation. colony forming units were counted. Readings 
obtained between 30 and 300 colonies on plates at the temperature of incubation were 
used for calcul ation of the bacterial populations and results recorded as CFU per unit of 
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sample. MC broth lUbes were incubated at 3SoC for 24 h After incubation for 24h tubes 
were examined for gas. Confirmed test was performed on positive (gassing) tubes only. 
Clostridia encountered in farm water, sediment, farmed fish and shrimp were 
isolated from IS agar plates and identified by the schemes proposed by Willis (1979; 
1990), Mac Faddin (1980) and Sneath (1986). 
3.2.5 Detection of Clostridilllll botlllinlllll 
Fish and shellfish samples obtained from onboard fishing vessels and from retail 
outlets in and around Cochin, farmed fish and shellfish, water, sediment, feed and soil 
from fi sh farms, chilled stored shrimp, frozen fi sh and shellfish and cured fi shery 
products were examined for the presence of C. botulinulII using a procedure followed by 
the US Food and Drug Administration (Solomon et al. 1995). 
3.2.S. I. Enrichment 
Weighed 3-Sg skin with muscle portion of fish/shell with muscle portion of 
shrimp aseptically and inoculated into CMM (25 ml) after removing dissolved oxygen by 
steaming 10-15 min and cooling quickly without agitation. Intestinal contents of 
fish/shrimp were similarly inoculated and sterile paraffin oil was poured. Inoculated 
tubes were incubated at 30°C for 6 days. Whole fish/shrimp samples were also analysed. 
Mussel and Oyster samples collected were shucked and homogenized. 5 g meat 
samples were subjected to enrichment in CMM for the detection of C. botulinum and 
incubated anaerobically as described above. 
Water, sediment, soil and feed samples from fish/shrimp farms (A-F) were 
similarly analysed for C. botulinulIl. Inoculated 5ml amounts of farm water and feeder 
canal water into 25ml CMM. Weighed 5g each of sediment, soil and feed samples from 
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farms and transferred asepticall y into 2Sml CMM , Farmed fish/shrimp samples were 
analysed by separating skin/shell with muscle portions and intestine portions and 
inoculati ng separately into CMM as described above, 
Sediment and shellfish samples collected from the west and east coasts were also 
analy ed fo r C. botulillulII as described above, 
Shrimp samples withdrawn during chilled storage were similarly inoculated into 
CMM and incubated at 30°C for 6 days, The whole animal was used fo r the inoculation, 
After 12 days storage, 2-3 shrimp samples were withdrawn and packed in a vacuum 
packing machine (Sevana, India) and incubated for 6 days at 30°C, 
Frozen and cured fish samples were examined for C. botulillulII as previously 
described, 
3,2.5.2, Detection of botulinum toxin 
After incubation for 6 days at 30°C, cultures were centrifuged at IOOOOxg and 4°C 
for 20min (Remi , India) and each supernatant was adjusted to pH 6,2 with IN HCI and 
frozen at _15°C overnight to eliminate non-speci fic mouse deaths (Baker et al. 1990), 
Supernatants were stored at -15°C until tested, 
Toxicity of the supernatant was tested using a procedure followed by US Food 
and Drug Administration (Solomon et al. 1995). Diluted a portion of the supernatant to 
1:5 in gelatin-phosphate buffer. Placed 1,8ml of the diluted supernatant in a tube and 
added 0,2ml of trypsin (Difco 1:250, 10% solution) and incubated at 37°C for 30 min. 
I ml of supernatant was placed in a tube and heated for 10min, in a boiling water bath 
and cooled, Tests for the presence of toxin in enrichment cultures were made by 
inoculation of pai rs of webster mice intraperi toneall y. Injected 0.5ml each of undiluted 
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supernatant, untreated and trypsinized diluted supernatant and heated supernatant USing a 
2ml syringe with a 25 gauge, 5/8 inch needle intraperitoneally into separate pairs of mice. 
Observed all mice periodically for 96 h for symptoms of botulism and death If after 48 h 
of observat ion, all mice except those receiving the heated preparation had died, repeated 
the toxicity test using higher dilutions of supernatant. 
Typical botulism signs in mice were ruffling of fur, followed in sequence by 
laboured breathing, weakness of limbs and finall y total paralysis with gasping for breath, 
followed by death due to respiratory failure. 
The minimum lethal dose (MLD) is contained in the highest dilution killing both 
mice within 96 h From these data, the number of MLD/ml was calculated. 
3.2.5.3 Typing of toxin 
Rehydrated monovalent C. botulillum antitoxins A-F with steri le physiological 
saline to contain international unit (JU) per 1.0 ml 
When the inoculated mice died with typical botulism symptoms, toxin 
neutralization tests were performed using the toxin preparation that gave the higher MLD, 
either untreated or trypsinized. Equal volumes of the sample diluted and each of 
antitoxin types A through F at potencies of 1.0 JU/ml were mixed together incubated at 
room temperature for 30min. and inoculated intraperitoneally into mice. When 
C. botillilllllll toxin was present, only the mice receiving the toxin neutral ized with 
specific monovalent anti toxin spec ifically survived and the types present were identified. 
3.2.6 Estimation of Clostridium botulillum numbers 
Quantitative examinations of farm water, sediment, farmed fish/shrimp, farmed 
mussel, chil led stored shrimp and frozen shellfish were made to estimate the number of 
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C. bOlll/ill ll1ll present using the procedure followed by Cann and Taylor (1984) and Baker 
el al. ( 1990). 
The 4 x 3 Most Probable Number (MPN) technique was used to estimate the 
number of C. bOlll/inulII spores in the samples analysed. Water samples of 10.0, 1.0, 0.1 
and 0.0 I ml were inoculated into CMM overlayered with sterile paraffin oil and incubated 
at 30°C for 6 days. Tubes showing turbidity and gas production were tested for the 
presence of botulinum toxin. 
Sediment and fish/shrimp-skinlshell with muscle and intestine samples of 1.0g, 
O.lg, O.Olg and O.OOlg were placed in CMM and incubated anaerobically at 30°C for 6 
days and tested for the presence of toxin. 
Homogenized mussel/oyster meat samples of I g, 0.1 g, 0.0 I g and 0.00 I g were 
inoculated into CMM by preparing appropriate dilution and incubated at 30°C for 6 days 
and tested for the presence of toxin as described in 3.2.5.2 and C. bOluLinum count was 
made using MPN tab les found in FDA Bacteriological Analytical Manual (1995). 
3.2.7 Statistical analysis 
In order to find out the relationship between the environmental parameters, 
microbiological parameters and C. bOluLillwll count of water, mud and farmed fish! 
shrimp, their values were subjected to statistical analysis in a computer for the estimation 
of correlation coefficient 'r'. The significance 'p' of correlation . coefficient 'r' of 
different parameters such as temperature, pH, salinity and dissolved oxygen were tested at 
I % and 5% levels. 
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3.2.8 Isolation and characterization of Clostridium botulinum 
Isolation and characterization of C. botulillUIIl were attempted from the positive 
enrichment cultures of farm water, sediment, farmed fish, shrimp, mussel and fishery 
products using a procedure followed by Willis (1979) and Solomon et al. (1995). 
Reference strains of C. botuLillU1II type D (A TCC 27517) and E (NCm 10660) were used 
for comparative purposes. 
3.2.S.1 Pretreatment 
Recovery of toxigenic C. botuLillUIII was attempted from toxic CMM enrichment 
cultures. To effect isolation , 2 ml each of enrichment culture sediment was transferred to 
two sterile test tubes. 2 ml of filter sterilized absolute ethyl alcohol was added to I tube 
and held at room temperature for I h with occasional shaking. The other tube was heated 
at SODC for 10 min (Lalitha and Surendran 1993). After pretreatment, enrichment cultures 
were streaked on to predried plates of TSGY A and incubated anaerobically for 4S-72h at 
30De. c. botlllillUIII type D and E reference strains grown in CMM were similarly 
streaked on to predried plates of TSGY A and incubated anaerobically in Gaspak jar 
(Oxoid). 
3.2.S.2 Selection and identification of Clostridium botulinum colonies 
Colonies exhibiting surface irridescence covering both the zone of precipitation 
and the halo of clearing around the colony as seen by reflected light were picked up into 
tubes of CMM. The luster zone is usually referred to as pearly layer. The toxicity of each 
isolate was tested after incubation for 3 days at 30DC as described in 3.2.5.2. Those 
proved toxic were streaked again on TSGY A plates for confirmation of purity. The pure 
cultures were type identified by toxin neutralization test described in 3.2.5.3. 
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3.2.8.3 Characterization of Clostridium botulinum 
Mrophological and biochemical characteristics of C. botulinum isolates were 
identified following the identification scheme of Willis (1979; 1990), Mac Faddin (1980) 
and Sneath ( 1986). Standard microbiological methods were used to interpret the tests 
(Willis 1979; 1990; Sneath 1986). 
Morphological characteristics like shape, Gram reaction, presence or absence of 
spores and motility were determined. Biochemical characteristics like catalase 
production, gelatin liquefaction, hydrogen sulphide production, escul in hydrolysis, 
lecithinase production, lipase production, nitrate reduction, digestion of complex proteins, 
milk proteolysis and fermentation of sugars - gluco e, maltose, lactose, sucrose, salicin, 
raffinose. fructose, g<jlactose, mannose and melibiose were tested. 
3.2.9 Sensitivity of fish to Clostridium bOlulinum toxin 
3.2.9.1 Preparation of C. botulinum toxins 
Pure strains of C. botulinulII type A (S3A), B (90B), C (l8C), 0 (2693 0) and type 
E reference strain ( cm 10660) were grown in CMM for 24h I ml portion of 24h 
culture was inoculated into 25ml TYG broth whcih was subsequently incubated 
anaerobically at 30D C for 10- 12d. The crude toxin was harvested by pouring the entire 
contents of the tube into centrifuge tubes and centrifuged for 20min at 10000 x g and 4DC 
in a refrigerated centrifuge (Remi , India). The supernatant (toxin) ranging in pH 6.7-7.0 
was utilized on the same day as harvested after filtration using 0.2>L Millipore filter. The 
toxins were type identified as described in 3.2.5.3. 
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3.2.9.2. Fish 
100-150 Tilapia (Oreochromis mossambicus) juveniles (8- IOcm long) were 
obtained from a fi sh farm, in and around Cochin. The fish were held in 200 I tanks with a 
static water system until regular behaviour was established. Fish were fed with pelleted 
diet prepared in the laboratory once per day. The water was changed every alternate day . 
Aeration was supplied continuously by air stones. The sensitivity of fish to botulinum 
toxin was determined at 30°C in 50 I tanks . Three fish were put in each tank. The fish 
were acclimated for 3-4 days prior to testing 
3.2.9.3 Sensitivity tests in fish 
Tilapia were tested for sensitivity to different concentrations of C. botulinum 
types A-E toxin by the Intraperi toneal (IP) route. Serial dilutions of toxins were prepared 
in gelatin phosphate buffer and 0.5ml of each dilution was inoculated into each fish . Type 
E toxin was trypsinized before toxicity test as described in 3.2.5.2. The same 
concentration of toxin used for fish experiments were also inoculated into mice as 
described in 3.2.5.2. The lethal dose for fish was based upon the mouse IP lethal dose 
(MLD). A series of 3 fi sh were each inoculated IP with 1000, 100, 10, I and 0.5 mouse 
lethal doses (MLD) of toxin . One control fi sh was also held. 
The clinical signs and other behaviour in fi sh were observed over a period of 7 
days and monalities were removed on a daily basis. The pathogenicity of botulinum 
tox in was confirmed by neutralizing the toxin with specific monovalent toxins as 
described in 3.2.5.3 and inocul ating the fish . Those fish were survived which received 
toxi n neutralized with specific antitoxin . 
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3.2.10 Effect of temperature on the stability of Clostridium botulinum toxin 
3.2.10. 1 Preparation of Clostridium botulinum toxins 
Botulinum toxins of type A (53A), B (90B), e (18e), D (2693D) and type E 
reference strain ( em 10660) were prepared as described in 3.2.9.1. The initial amount 
of toxin present in the supernatent was determined by mouse assay as described in 3.2.5.2 
and toxin type was confirmed by toxin neutralization test described in 3.2.5.3. 
3.2.10.2 Studies on the stability of botulinum toxin to freezing 
The tox ins of C. botulinum types A, B, e , D and E were placed in test tubes in 5 ml 
amounts . I ml toxin of each type was diluted to 1:10, 1:100, 1:1000 and 1:10000 in GP 
buffer (pH 6.2) . The amount of toxin in each dilution and also in the stock solution was 
estimated. The tubes were kept at -40°C for freezing After freezing, the tubes were 
stored at - 15°C for 180 days and examined after 90 and 180 days for the inactivation of 
toxin by mouse assay as described in 3.2.5.2. 
3.2.10.3 Studies on the thermal inactivation of botulinum toxins 
To determine if storage at 30°C, 37°C and 40°C inactivates botulinum toxin , 2 ml 
amounts of C. bOllIlilll/1II type A (53 A) and D (2693D) toxins were placed in small tubes 
and subsequently incubated at 30°C for 30 days, 37°C for 14 days and 40°C for 14 days 
and tested for any reduction in tox icity by mouse assay as described in 3.2.5.2. 
To study the thermal inactivation of botulinum toxins of type A and D. 2 ml 
amounts of toxins were placed into small test tubes and given heat treatment using a 
procedure followed by Palumbo et al. ( 1995) and Grant et al. (1996). Each toxin was 
heat treated separately as fo llows: a glass tube ( 15 mm OD with 60mm height) 
containing 2 ml toxin was stoppered and secured in a metal rack along with a second 
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control tube containing 2 ml of TYG medium (control ) without toxin into which a 
thermometer was insened to monitor the temperature of the TYG medium during heating 
The rack was completely immersed in a water bath operating at temperature 50°C. The 
rack containing the tubes were agitated during the 90 sec. come up time but not during 
subsequent heating Timing began when the temperature of the control vial reached the 
experimental temperature. At intervals, appropriate for the temperature, vials were 
removed from the heating bath and cooled immediately in a slush ice bath for toxicity 
test. The same procedure was repeated for heat treatment at 60°, 70°, 80° and 100°C. 
Each heat treatment was duplicated. 
After each heat treatment, a sub sample of toxin was subjected to the toxicity test 
for toxin estimation as described in 3.2.5.2. The types A and D toxins were again 
subjected to the above heat treatment by changing the heating menstruum. Sterile mullet 
tissue homogenate was used as the heating menstruum. Appropriate aliquots of the 
standard suspensions of toxins were added to 5 ml of fish tissue homogenate to yield 
inoculated mullet tissue containing Ca 103 MLD/ml for use in the heat inactivation trials 
as described above and the reduction in toxicity was estimated as described in 3.2.5 .2. 
3.2.11 Studies on growth characteristics of Clostridium botulinum 
3.2.11 .1 Influence of temperature 
3.2.11.1 .1 Influence of temperature on growth and toxin production 
3.2. 11.1.1 .1 ClostridiulII botulinum strains used 
ClostridiulII botulinum type A isolate 53 A, reference strain NCm 10640, type B 
isolate 90B. reference strain NCm 10657, type C isolates 18C, 275C, type D isolates 
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26930 .2 1310 reference strai n ATCC 27517 and type E reference strain NCm 10660 
were used. They were maintained in CMM. C. botulinum strains were checked for purity 
by streaking onto TSGYA and single colonies were picked into CMM. 
3.2.11.1 .1.2 Preparation of spore suspensions 
Spores of 10 strains were produced in CMM. After incubation at 30°C for 1-2 
weeks. spores were separated using a procedure followed by Siegel and Metzger (1979) 
by centrifuging for 20min at 10000 x g and 4°C in a refrigerated centrifuge (Remi, India) 
and washed three times with sterile distilled water and resuspended in 50% ethanol for 
Ih to kill the vegetative cells (Tsang et al. 1985; Jensen et al. 1987), mixed and 
recentrifuged and stored in aqueous suspension at I_4°C. The number of viable spores in 
the suspensions were determined by plating serial decimal dilutions on TSGYA and 
incubating at 30°C anaerobically in Gaspak jar (Oxoid) for 72h Plate count data were 
used to calculate the concentration of each spore suspension for use in subsequent studies. 
3.2. 1 1.1 .1.3 Studies on the growth of C. botu/illum at different temperatures 
CMM was steamed for 20 min. and cooled rapidly before use. The appropriate 
dilution of the spore inoculum were made to obtain a concentration of Ca 105_106 
spores/ml of C. b olUlinum types A, B, C and D and for type E 103 spores/ml I ml aliquot 
of each spore dilution thus obtained was inoculated into CMM. The CMM tubes were 
heated cooled and overlayered with 10- 15 ml of presterilized paraffin oil to enhance 
anaerobiosis . The tubes were incubated at the required temperature (30°C, 15°C, 10°C 
and 4°C) for 24h before inoculation and were inoculated and incubated at the required 
temperature immediately. Five replications were performed for each temperature and for 
each strain. Controls (CMM without inoculation) were also used. 
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Examination for growth (Gas and turbidity) were made daily for the first ten days 
of incubation and afterwards on every week upto 6 weeks. The tubes showing growth 
were assayed for toxin . 
3.2.11.1.1.4 Detection of botulinum toxin 
2 ml of the liquid portion of CMM was mixed with equal volume of GP buffeT 
and centrifuged 20min at 10000 x g and 4°C. The pH of the supernatant was adjusted to 
6.2. Supernatant was frozen overnight . PrioT to injection, 0.2ml of fTesh 10% trypsin 
solution was added to 1.8ml of the supernatant containing type E toxin and incubated at 
37"C fo r 30min. The bioassay procedure was as described in 3.2.5.2. The controls were 
also injected into mice to eliminate the possibility of CMM giving false results for 
botulinum toxin and also to assure that the media were sterile. If death occurred, 
neutralization tests were made as described in 3.2.5.3. 
3.2.11 .1.2 Effect of temperatuTe and substrate on toxin production 
3.2.11 .1.2.1 ClostTidium botL/linum stTain 
Clostridilllll botlilillulII type B stTain (90B) was used. The culture was maintained 
and checked for purity as described in 3.2.11 .1.1 .1. A 24 h CMM culture was employed 
in studies on kinetics of toxin production. 
3.2. 11 .1.2.2. Studies on kinetics of toxin production 
The three media, CMM, TSGYB and TPGYB were deoxygenated rapidly cooled 
and immediately inoculated with 1 ml of a log phase cultuTe and oveTlayeTed with sterile 
paraffin oil. The nasks weTe incubated at 30°C and 37°C anaerobically for 96 h Samples 
weTe withdTawn afteT 0, 24, 42, 48, 72 and 96 h and examined for growth and toxin 
production. 
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3.2.11.1 .2.3 C. bOlu/illUIIl count 
The initial C. bOlu/inulI! count of the log phase culture was determined by the 
method described in 3.2.1 1.1.1.2 for spore count. 
The number of viable cells after 24 h, 42 h, 48 h 72 hand 96 h in the three media 
inoculated were also determined. 
3.2.11 .1.2.4 Botulinum toxin assay 
Botulinum toxin present in samples withdrawn after 0, 24h, 42h, 48h, 72h and 
96h was assayed. Cell free culture fluids were obtained by centrifugation at I()()()() x g 
and 4°C for 20min, using the procedure followed by Siegel and Metzger (1979) . Due to 
the lability of toxin, certain precautions were taken during manipulation of the samples to 
be assayed. Dilutions were made in cold sterile GP buffer. Toxicity was assayed as 
described in 3.2.5 .2 and toxin titers were calculated. 
3.2.11.2 Influence of pH 
3.2.11 .2. 1 C. bOlulillulII strains used 
The following strains of C. bOlu/inum were used. Type A strains 53A and 131 A 
isolated from fish and mussel, reference strain NCm 10640, type B strain <10B isolated 
from fish, type C strains 18C and 27SC isolated from fish, type D strains 2693 D isolated 
from ediment, 213 1 D isolated from cured fish, reference strain ATCC 27S 17 and type E 
reference strain Ncm \0660. The cultures were maintained and checked for purity as 
described in 3.2.11 . 1.1.1. 
3.2.11 .2.2. Preparation of spore suspensions 
Spores of ten strains were produced and counted as described in 3.2.11 .1. 1.2. 
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3.2.11 .2.3 Studies on the growth of C. botulinum at different pHs 
CMM was adjusted from pH 6.0 to 4 .6 at 0.2 pH unit intervals by the addition of 
dilute HCI using a pH meter (Systronics, Bombay). CMM (pH 7.0) was also included in 
the study. For each pH, 5 replications were performed for each strain. CMM tubes were 
deoxygenated, cooled and immediately inoculated with I ml of unheated spore suspension 
equivalent to 0 .1 - 1 million viable spores of types A, B, C and D and I thousand viable 
spores of type E separately. Each tube was sealed with sterile paraffin oil and incubated 
at 30°e. Examinations for growth were made daily for the first two weeks and afterwards 
at interval s upto 5 weeks. Toxicity was tested controls (CMM without inoculation) were 
also lIsed to assure that the media were steri le and the pH did not change during the 5 
week period. 
3.2.11 .2.4 Detection of botulinum toxin 
Samples withdrawn from CMM tubes were assayed for toxin as described In 
3.2. 11.1.1.4. 
3.2.11 .3 Influence of water activity 
3.2. 11.3.1 Clostridium botulinum strains used 
The strains described in 3.2.1 1.2.1 and type B reference strain (NCIB 10657) were 
used. The cultures were maintained and checked for purity as described in 3.2. 11 .1.1.1. 
3.2.11.3 .2 Preparation of spore suspensions 
Spores of 1 1 strains of C. botulinum were produced and counted as described in 
3.2. 11.1.1.2. 
3.2.11.3.3 Studies on the growth of C. botulinum at different water activities (aw) 
CMM (pH 7 .0) was used for the water acti vity (aw) studies with the addition of 
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various concentrations of sodium chloride (NaCl). The CMM (0, 3, 4, 5, 6, 8, 10 and 12% 
aCI) were prepared on a weight volume basis. The aw was determined using the water 
activity meter (Lufft aw Wert-Messer, Germany). For each salt level , five replications 
were performed for each strain. CMM tubes were deoxygenated, cooled and immediately 
inoculated with I ml of unheated spore suspension equivalent to 0.1-1 million viable 
spores of types A, B, C and D and I thousand spores of type E separately. Controls 
(CMM without inoculation) were used to assure that the media were sterile. Each tube 
was sealed with presteril i zed paraffin oil and incubated at 30°C. Examinations fo r 
growth (gas and turbidity) were made dai ly upto 14 days and after that at weekly intervals 
for a period of 5 weeks and toxicity were tested. 
3.2 .11.3.4 Detection of botulinum toxin 
Samples from tubes showing growth were withdrawn and tested for the presence 
of toxin as described in 3.2.11.1.1.4. 
3.2.11.4 Effect of gaseous atmosphere 
3.2.11.4.1 Closlridilllll bOlulinulII strains used 
The following strains of C. bOluUnum were used. Type A strain 53 A, type B 90B, 
type C 18C.type D 2693D and reference strain (ATCC 27517) and type E reference strai n 
(NCm 10660). The cultures were maintained in CMM and checked for purity as 
described in 3.2.11 . 1.1.1 and grown in CMM . 
3.2.11 .4.2 Preparation of spore suspensions 
Spores of six strains were produced and counted as described in 3.2.1 1.1.1 .2. 
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3.2 .11.4.3 Preparat ion and inoculation of fi sh/shrimp tissue homogenates for 
vacuum pack studies 
15 fresh mullet (Mugil cepha/us) were purchased from local retail market in 
Cochin and transported on ice to the laboratory. Each fi sh was rinsed in tap water, 
drained and filleted. Fillets were ground in a mechanical blender and divided into 109 
portions in 25 x I 50mm tubes and autoclaved at 121 °C for 15 min. 
Fresh shrimp (Pe/laeus indicus) were procured from local retail market in Cochin 
and brought to the laboratory under ice. Shrimp were washed, deheaded, peeled, 
deveined and ground in a mechanical blender. 109 portions were placed in 25 x 150mm 
tubes and autoc1aved for 15 min at 121 °C. 
The 109 portions of sterile mullet tissue and shrimp tissue homogenates were 
transferred aseptically to sterile pouches (12 micron plain polyester laminated with 150 
gauge low density polythene pouch). The Mullet and Shrimp tissue homogenates were 
inoculated with 0.1 ml of spore inoculum equivalent to 0.1-1 million viable spores of 
types A, B. C, D and I thousand viable spores of type E separately. To simulate the 
naturally occurring situation. none of the inocula was heat shocked. Control samples 
were inocu lated with 0.1 ml of sterile physiological saline in a like manner. The pouches 
were sealed in a vacuum pack machine (Sevana, India) . 
Vacuum packed pouches were stored at 30°C for 3 days, at 15°C for 10 days, at 
10° and 4°C for 6 weeks . Samples stored at 30°C were examined daily for growth and 
toxicity . Samples tored at 15°C were examined daily for firstS days and after that on 6. 
8 day and assayed for toxicity. For the 10°C storage, samples were assayed for toxi n on 
1, 2.5, 8 and 10 day. Samples held at 4°C were examined at 3 day intervals and assayed 
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for loxin . For each storage temperature three replications of mullet tissue and shrimp 
tissue homogenates were performed for each strain. 
In order to study the significance of storage temperature on growth and toxin 
production 1-2 pouches stored at 10°C and 4°C were transferred after 40 days to 30°C for 
5 days and tested for toxin production. 
3.2. 11.4.4. Detection of toxin 
Samples showing growth were extracted overnight with 3 ml of gelatin phosphate 
buffer. The mixture was centrifuged at 10000 x g and 4°C for 20 min and the supernatant 
was collected. If the pH of the supernatant containing type E toxin was equal to or more 
than 7.0, it was adjusted to pH 6.2 and trypsinized. Toxicity test, estimation of toxin , 
tox in neutralization tests wer€perforrned as described in 3.2.5.2 and 3.2.5.3. 
3.2. 11.5 Combination Effects 
3.2.11.5.1 Combined effect of temperature and pH 
3.2. 11.5.1 . 1 Clostridium botulinum strains 
The following strains were used .~ . type A strain 53 A, type C strain 18C, type D 
strain 21310 and type E reference strain (NCIB 10660). The cultures were maintained 
and checked for purity as described in 3.2.1 1.1 .1.1. 
3.2.11.5 .1.2 Preparation of spore suspensions 
Spores of four strains were produced and counted as described in 3.2.11 .1.1.2 
3.2.11.5.1.3 Studies on the combined effect of temperature and pH 
CMM was adj usted to pH 7.0, 6.0, 5.5, 5.0 and 4.5 as described in 3.2.11.2.3. 
Five replications were performed for each pH and each spore inoculum. Inoculation of 
the tubes were made as described in 3.2.11 .2.3. Each tube was overlayered with sterile 
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paraffin oi l. Tubes were incubated at 30°C, 15°C, 10°C and 4°C. For the 30°C storage, 
tubes were examined daily for 16 days . Tubes stored at 15°C were examined daily for the 
first one week and afterwards on every four days. For the 10°C and 4°C storage, tubes 
were examined on every three days and tubes showing growth (gas and turbidity) were 
tested for the presence of toxin. 
3.2.1 1.5.1.4 Detection of botulinum toxin 
Tubes showing growth were withdrawn and toxicity was tested as described in 
3.2.11.1.2.4 
3.2.11 .5.2 Effect of incubation temperature on salt tolerance of C. botlllilllllll 
3.2.11 .5.2.1 Clostridium botulinulII strains used 
The following strains were used. Type A strain 53A, type C strain 18C, type D 
strain 2693D and type E reference strain (NCIB 10660). The cultures were maintained 
and checked for purity as described in 3.2.11.1.1 .1 and grown in CMM. 
3.2.1 1.5.2.2 Preparation of spore suspensions 
Spores of four strains were produced and counted as described in 3.2.11 .1.1.2. 
3.2.1 1.5.2.3 Studies on the effect of incubation temperature on salt tolerance 
CMM was used with the addition of sodium chloride at levels of 0, 3, 5, 8 and 
10%. The media were prepared on a weight volume basis. The water activity of the 
media was determined by the water activity meter (Lufft aw Wert Messer, Germany). 
For each salt level , five replications were performed for each temperature and 
wain. Tubes were inoculated as described in 3.2.11.3. Controls (CMM without 
inoculation) were used to assure that the media were steri le. Each tube was sealed with 
sterile paraffin oil and incubated at 30°C, 15°C, 10°C and 4°C. When incubation at low 
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temperatures was desired, those tubes were tempered in either cold water or ice water 
before inoculation. For the 30°C storage, tubes were examined daily for two weeks and 
after that every alternate day. Tubes held at 15°C were examined daily for first one week 
and afterwards on every two days. For the 10° and 4°C storage, tubes were examined on 
every three days upto 5 weeks. Tubes showing growth (gas and turbidity) were tested for 
toxin production. 
3.2.11 .5.2.4 Detection of botulinum toxin 
Tubes showing growth were withdrawn and toxicity test was performed as 
described in 3.2. 11.1.1.4 
3.2.11.5.3 Inhibitory effect of combinations of pH, sodium chloride and 
incubation temperature 
3.2.11 .5.3.1 Clostridium botulinum strains 
Clostridium bowlinum strains described in 3.2.11.5.2.1 were used in the study. 
The cultures were maintained and checked for purity as described in 3.2.11 . 1.1.1. 
3.2.11.5.3.2 Preparation of spore suspension 
Spores of four strains of C. botulinum were produced and counted as described in 
3.2.11.1.1.2. 
3.2.11.5.3.3 Studies on the combined effect of pH, sodium chloride and 
Incubation temperature 
CMM with sodium chloride levels 0, 3, and 5%were prepared on a weight volume 
bas is. In one set of tubes (0%, 3%, 5% salt) the pH was adjusted to 7.0 and in the other 
sel. pH was adjusted to 5.5. The water activity of the two sets of media were determined 
by the water activity meter (Lufft aw Wert-Messer, Germany). 
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For each salt level adjusted to pH 7.0, five replications were performed for each 
temperature and strain. Similarly five replications were performed for each salt level at 
pH 5.5 for each temperature and strain. Inoculated tubes in each set were incubated at 
30°C and 15°C for a period of 6 weeks. Tubes were inoculated as described in 3.2.11 .2.3 
and overlayered with sterile paraffin oil. Controls (CMM without inoculation) were used 
to assure that the media were sterile. Examination of the tubes were performed as 
described in 3.2.11 .5.2.3 and toxicity was tested. 
3.2. 11 .5.3.4 Detection of botulinum toxin 
Tubes showing growth were withdrawn and tested for toxin production as 
described in 3.2. 11.1.1.4. 
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4. RESULTS AND DISCUSSION 
4.1 Clostridium botulinum in farmed and wild fish/shellfish 
4.1.1 Distribution of Clostridium botulinum in fish/shrimp farms 
Results of the microbial counts of water, mud, feed, fish and shrimp samples from six 
farms (A-F) located in and around Cochin, during farming operations f1 the period 
October 1995 to March 1996 are shown in Figs. 1-6. The changes in the environmental 
parameters are given in table 1. 
The total viable plate counts (TPC) of the water samples ranged from 101 to 10' 
CFU/ml. and that of mud were in the ranges of 10' to 106 CFU/g. The Total Anaerobic 
Count (T AC) of pond water and mud varied between 101 to 102 CFU/ml and 102 to 10' 
CFU/g respectively. The total clostridial count (TCC) of pond water ranged from 10 to 
102 CFU/ml. and that of mud varied between 101 to 101 CFU/g. In general , all the 3 
microbial counts were high in pond mud compared to pond water. 
In farmed fi sh, the TPC of surface samples varied between 10' -106 CFU/g while 
the T AC ranged from 102 to 10' CFU/g and the clostridial count varied between 101 to 
10] CFU/g. The microbial counts of surface samples of fi sh were in the same range as 
that of mud samples. The TPC, T AC and TCC of intestine sample of fish varied between 
1 0~ to 107 CFU/g, IOl_105 CFU/g and 102- IO'CFU/g respectively. The microbial counts 
were high in the intestine samples of fish compared to fi sh surface. 
In the whole shrimp, TPC, TAC and TCC were in the range of 10'_ 105 CFU/g, 
10]_10· CFU/g and 102_ IOl CFU/g respectively. In shrimp, the TPC, TAe and TCC of 
shell with muscle portion ranged from 10' to 105 CFU/g, 102_10' CFU/g and 101_ IOl 
CFU/g respectively while that of intestine varied between 107_108 CFU/g, 104_105 CFU/g 
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Fig. 1 .Microbial count of Water, Mud and Shrimp from Farm A 
Count of water in CFU I ml. Count of mud and shrimp in CFU/g 
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Fig. 2 .Microbial count of Water, Mud and Shrimp from Farm B 
Count of water in CFU I ml. Count of mud and shrimp In CFU/g 
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Fig. 3. Microbial count of Water, Mud and Shrimp from Farm C 
Count of water in CFU I mi. Count of mud and shrimp in CFU/g 
.Total Plate Count .Total Anaerobic Count 0 Total Clostridial Count 
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Fig. 4. Microbial count of Water, Mud and Fish from Farm D 
Count of water in CFU I ml. Count of mud and shrimp in CFU/g 
.Total Plate Count .Total Anaerobic Count 0 Total Clostridial Count 
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Fig. 5. Microbial count of Water, Mud, Fish and Shrimp from Farm E 
Count of water in CFU I ml. Count of mud and shrimp in CFU/g 
.Total Plate Count . Total Anaerobic Count 0 Total Clostridial Count 
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Fig. 6. Microbial count of Water, Mud, Shrimp and Fish from Farm F 
Count of water in CFU I ml. Count of mud and shrimp In CFU/g 
.Total Plate Count .Total Anaerobic Count 0 Total Clostridial Count 
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and 102_104 CFU/g respectively. As in the case of fish , all the three counts were higher in 
the intestine than in the surface samples of shrimp. Intestine samples of shrimp harboured 
high microbial counts compared to mud samples and fish intestine samples. 
The microbial counts of the commercial pelleted feed samples collected from the 
shrimp farms were also determined. The starter, grower and finisher feeds analysed 
showed that the TPC varied between 104_106 CFU/g, the TAC ranged from 102_104 
CFU/g and the TCC varied between 102_103 CFU/g (Fig. 7). Streptococcal count of the 
Grower feed was 103 CFU/g. Staphylococci and Escherichia coli were not present. 
While Bacillus and yeast predominated in the total viable count. Clostridium and 
Eubacterium constituted the total anaerobes. 
CloslridiulIl bOlll lillLlI1l was detected only in three (A, E, F) out of the six farms 
examined (Table 2 and 3). Of the 34 water samples examined, only 6% were posi tive for 
C. bOlll/illL/lIl . One of the three soil samples tested from the farm area harboured 
C. bOllllillll1ll and type C toxin was detected in the sample. C. bOlulinum was fou nd in II 
percent of the 28 mud samples from the six farms. Type C toxin was detected in two 
samples and type D in one. In farmed shrimp, contamination by C. bOlulinum was found 
in twenty percent (4/20) of the samples. While type D toxin was found in three samples, 
type C was present in one. The incidence of C. bOllIlinulIl in farmed fish was 18 percent 
(211 1). Types C and D toxins were detected in the positive samples. C. botulinum could 
not be detected in commercial pelleted feed samples collected from the farms. 
The counts of C. bOllllillUIIl ranged from 0-4 per 100 ml. in water samples and 
O-llIg in the mud samples (Table-4). In shrimp, the count was in the range of 
O- ISOIIOOg and in the intestine samples of fish, the count ranged from 0-70/Ioog. The 
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Fig. 7 .Microbial count of Commercial Shrimp Feed 
.Total Plate Count . Total Anaerobic Count 0 Total Clostridial Count 
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toxin titres were low ( 10-20 MLO/ml) in the enrichment cultures of mud, shrimp and fish 
in Robertson ' s cooked meat medium (CMM). 
Table I: Environmental characteristics oflhe fish and shrimp farms in and around 
Cochin 
Farm/Species 
Farmed Temp. · C pH D.O. (mgll) Sal. (ppt) 
N P. //IOIlOdon 30-31 8.40-9.66 5.4-6.8 15.12-19.52 
BI P. //Ionodon 28-31 6.99-9.93 4.4-6.2 2.73-23.31 
CI P. //Ionodon 30-32 6.81-7.88 6.0-8.0 16.64-23.31 
0/ 
O.lnossalnbiCIIs 30-31.5 7.10-7.60 5.6-6.66 8.3- 10.53 
ElChanos. 
Mullet, 28-31.5 7.60-8.40 5.6-10.8 6.89-30.7 
P. indicus 
F/ P. indiclIs 30-33 7.60-8.15 3.6-6.2 19.5-24.58 
The environmental parameters in the farms (A-F) remained within the acceptable 
range. However, wide fluctuations in pH were observed in farms A, B and C. The lower 
pH limit of 6.81 and 6.99 observed in farms Band C and the upper pH limit of 9.66 and 
9.93 in farms A and B are not ideal for shrimp farming. Diurnal fluctuations of pH 8.0 to 
9.6 have been reported from shrimp farms (Vijayakumaran and Paul raj 1997). No 
significant correlation was observed between the environmental parameters and the 
microbi al counts of water. mud and shrimp/fish. There was statistically significant 
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positive correlati on (P <0.05) between the TPe of mud and TPe of water, TPe of mud 
and TPe of shrimp, TAe and Tee of mud and C. botulinum count. Matrix of correlation 
was constructed for pond water and mud separately in order to study the extent of 
interdependency of C. botulinum count in Penaelts monodon with environmental factors 
(Table 5 and 6) . There was no significant correlation between C. botulinum count in 
P. lIlonodoll and that of water and environmental parameters at 5% level. But there was 
sign ificant positive correlation between C. botulinum count in P. monodon and 
C. bOIll /illl/lIl count in the mud (P <0.05), C. bOlli/inurn count of mud and pH (P < 0.10) 
indicating that as the pH increases C. botulinum numbers of the mud increases and as the 
count of C. botulillulll in the mud increases, C. botulinum count of P. mOllOdon increases. 
The TPe of pond water reported in the present study was within the ranges quoted 
111 earlier studies (Acuff et at. 1984; Fonseka 1990; Nedoluha and Westhoff 1993; 
Surendran et al. 199~; Nayy.:rahamed et al. 1994; Sharmila et af. 1996). The TPe of 
pond mud observed in this study was also comparable to the levels of TPe reported by 
Sugita et a/. ( 1989), L10brera et af. (1990), Surendran et al. ( 1994) and Sharrnila et al. 
( 1996). The TPe of whole shrimp was within the range of reported values (104_\05 
CFU/g) of shrimp from tropical countries (L1obrera et af. 1990; Fonseka 1990). Bacterial 
counts of surface samples of farmed fish, 104_ 106 CFUlg, was within the ranges quoted in 
previous studies (Acuff et af. 1984; Nedoluha and Westhoff 1993). Bacterial counts of 
105_ I 08 CFU/g have been reported for the intestine samples of pond reared stripped Bass 
(Nedoluha and Westhoff 1993) and farmed freshwater fi shes (Sugita et al. 1985; 
Sivakami et at. 1996). Similar counts were reported in the present study . The TPC of 
pelleted feed from shrimp fa rms observed in the present study was comparable to the 
• 
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levels of TPC for pelleted feed reported earlier (Trust 1971; Sugita el al . 1989; 
Ogbondeminu el al. 1991 ). The numbers of faecal streptococci in pelleted feed reported 
in the study are high. Trust (1971 ) had reported streptococci count of 102_103 CFU/g in 
commercial fi sh diets. The higher bacterial load of the habitat, i.e. pond sediment, was 
reflected in the same trend in the TPC of shrimp by virtue of its bottom dwelling habit. 
Sugita el al. (1989) reported total anaerobic count of 101_102 CFU/ml in water 
samples from culture ponds. Similar counts were observed in the present investigation. 
In contrast, Nedoluha and Westhoff (1993) reported anaerobic counts of 103_105 CFU/ml 
from water samples of freshwater ponds in Maryland. The TAC of mud from the farms 
in the study ranged from 102_104 CFU/g. Sugita el al. (1989) reported anaerobic counts 
of 102_107 CFU/g for sediments from a gold fi sh culture pond. Anaerobic counts of 
102_ IO~ CFUlg was reported fo r bottom muds from rivers and Bays in Japan (Takano 
el al.1984). The anaerobic counts of surface samples of farmed fi sh reported in this study 
was within the ranges quoted earlier (Nedoluha and Westhoff 1993). The anaerobic count 
from the intestine samples of farmed fish in the present study was in the range of 103_105 
. • 6 8 CFU/g. In contrast, Nedoluha and Westhoff (1993) reported anaerobiC counts of 10 -10 
CFU/g from the intesti ne of pond reared stripped Bass. Sugita el al. (1985) reported 
anaerobic counts of 102 CFU/g from the intestine of Tilapia reared in tanks. For whole 
sh rimp, anaerobic counts of 104 CFU/g recorded in the present study are within the range 
reported earlier (Wibowo el al. 1991 ). Anaerobic counts of 102_ 104CFUlg for pelleted 
feed were reported by Trust (197 1) and Sugita el al. (1989). The counts in the present 
study ranged from 102_10' CFUlg. 
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Clostridia were detected at densities ranging from 101_102 CFU/ml in gold fish 
reared water (Sugita el al. 1989). Similar counts were noticed in the present study. The 
clostridial count of 106 CFU/g in sediments from gold fi sh culture pond, reported by 
Sugita el al. (1989) was high compared to the counts reported in the present study 
( 101-1 oj CFU/g). The clostridial count of intestine samples of farmed fish varied between 
102_10' CFU/g in the present study. Clostridia were detected in the intestine of marine 
fish at densities ranging from 102_104 CFU/g in Japan (Sugita el al. 1988) and 104_107 
CFU/g in India (Lalitha el al. 1990). Unfortunately most of the data available are from 
the study of wild fish. 
The species of clostridia isolated from the farm water, mud, shrimp and fish 
amples were characterised. The clostridia most frequently encountered in farm water 
were C. perfrillgens, C. sardilliense, C. closlridioforme, C. fallax, and C.celalum and 
C. absolllllll . The farm mud harboured clostridia such as C. perfringens, C. novyi 
C. fallax, C. sa rdilliense, c.sporogenes, C.butyricum, C. f elsineulII, C.lerliulli and 
C. biferlllelllalis. 
In farmed shrimp, C.sardiniense, c.sporogenes and c.bijermenlans were 
encountered in addition to C. perfringens and C. navyi. In farmed fish, apart from 
C. perfrillgens and C. navyi the species most often recovered were C. sardiniense, 
C. sporagenes, C. blltyricum and C. bijermenlens, but C. fallax, C. camis were also 
isolated. Davies (1969) isolated C. perfringens. C. sardelli and C. bijermenlans from 
marine sediments. Matches and Liston (1974) reported that most of the mesophilic 
anaerobes from marine sediments of Puget Sound belonged to clostridial species 
C. perjrillgel1s. C. bijermelltal1s and C. novy;' Smith (1975) isolated C. sublerlllinale. 
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C. sporogelles, C. perJringells, C. bijennenlans, C. indolis and C. mangenoli most 
frequently from soi l samples. In the present study, several other species of clostridia were 
also encountered in addition to those observed by Davies (1969) and Matches and Liston 
(1974). The difference in the clostridial species found probably reflects a difference in 
the anaerobic flora of the si tes examined. Shewan (1977) reported clostridium species 
such as C. pel/rillgells, C. sporogelles, C. lelalli, C. lerliLlm and C. bolLlLinLlm type E in 
the intestine of fish . Lalitha el al. (1990) isolated C. perfrillgens from fish and shrimp. 
The clostridium species reported in fish and shrimp in the present study were similar to 
the species encountered in the mud. Horsely (1973) reported that bacterial flora of fish is 
a reflection of its environment. The anaerobic flora of pelleted diet in the present study 
composed of clostridia as reported earlier (Sugita el al. 1989). 
The level of contamination by C. bOlLllinLlIII was 33% in soil samples from the 
farm surroundings and type C was detected in the present study. Pasricha and Panja 
(1940) found C. bolLllillLlIll type A in 50% of the soil samples from Calcutta. Hayashi 
el al. (1981) reported 20% of the soil samples from Indonesia to be contaminated with 
C. bOllllilllllll, with type D predominating followed by type C. In the Gulf of Thailand, 
types C and D predominated in sand samples. C. bowLinLlm types C and D are the 
predominant types in soil samples from tropical areas (Hayashi el al. 1981 ; Tanasugarn 
1979) whereas in the soil of Western United States, Brazil , Argentina and China type A 
predominated and type B was predominant in soils from eastern United States and U.K. 
(Smith 1990; Mc Clure el al. 1994). Hobbs (1976) attributed the regional variations in 
the incidence of botulism to the variable incidence of spores in local soils or offshore 
waters and substantiated the earlier view of Dolman that the primary source of this 
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organism was soil. Cann et al. (1975) found that the natural occurrence of C. botulinum 
in the soil of the area surrounding the farm is one of the factors which contribute to the 
contamination of fish in the farms. The predominance of types C and D in the farm 
environment and farmed species in the present study can be attributed to the 
predominance of these types in the soil surrounding the farm. 
In the present investi gation the incidence of C. botulinum in pond mud was I I % 
wi th a spore load of O-II/g. Types C and D were detected in the positive samples. Bums 
and Will iams (1975) detected C. botulillum type B in 20 percent of mud samples from 
Scotti sh farms. Cann and Taylor (1984) detected types Band E in British farms with a 
spore load of 0.1-0.7/g whereas in farms with fish botuli sm outbreak type E was detected 
in 60% of the mud samples with a spore load of 1-800/g. Huss (1980) detected 
C. botlllilllllll types Band E in 77% of the sediment samples from artificial ponds in 
Denmark. In the United States, C. botulinum type E populations ranging from 23 to 
240000 per g. were reported in sediments from trout ponds in which botulism outbreaks 
were occurring (Eklund et al. 1982; 1984). In farm water, C. botulinum was detected at a 
level of 4/1 00 ml. in the present study. Huss et al. (1974a) reported C. botulinum in the 
outlet waters of Danish trout farms at the level of 8.5/1 01. Pond mud was shown to be an 
obvious source of contamination by C. botulinum in fish and shrimp farms in the present 
study as reported earlier (Bach et al. 1971 ; Bums and Williams 1975; Cann and Taylor 
1982). 
In farmed fish, the occurrence of C. botulinum was 18% in the present study. The 
viscera were shown to be a major reservoir of contamination. Cann et al. (1975) reported 
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that the rate of contamination by C. botulinulII in whole fish was 9% and ih viscera of fish 
it was 11 % in British trout farms. The prevalence of C. botulinum was high in Danish 
and British trout farms (Huss et al. 1 974a; Cann and Taylor 1982), fish farms in Scotland 
(Burns and Williams 1975) and cat fish farms in California (Baker et al. 1990). Baker 
et al. (1990) reported 75% of the farm raised cat fish in California and 25% of the farm 
raised cat fi sh in Mississippi harboured C. botulinum type A. C. botulinum was 
detected in none of the samples in a survey of aquacultured hybrid stripped Bass from 
Maryland (Nedoluha and Westhoff 1993). Clostridium botulinum types C and D were 
detected in the intestine samples of fish in the present study. Burns and Williams (1975) 
detected non-proteolytic types B in fish from Scottish farms. The occurrence of 
C. botlllillUIII type C was reported most frequent ly in farmed trout from Great Britian. In 
the same study, four of the 7 known types of C. botulinum (B, C, E, F) were found in 
farmed trout (Cann et al. 1975). Cann et al. (1975) found type F was confined to 
Scotland and type E to England. Huss et al. (1974a) found C. botulinum types B, E and a 
mixture of types A and E in trouts from Danish farms . C. botulinum types prevalent in 
fish farms in the present study differ.- from that reported in Europe and United States 
(Huss et al. 1974; Burns and Williams 1975; Baker et al. 1990; Eklund et al. 1982). 
The incidence of C. botulinum in shrimp in the present study was 20%. Most of 
the data availab le for shrimp are from wild species. Incidence of C. botulinum was 50% 
(3 /6) in prawns from retail markets in Cochin, India, (Lalitha and Surendran (992). 
Suhadi et a/. (1981 ) reported incidence of C. botulinum in 2% of the commercial shrimp 
samples in Indonesia. In Japan, 8% of the shrimp samples from Osaka markets harboured 
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C. botl/lilll/l11 (Haq and Sakaguchi 1980). West (1989) reported low incidence of 
C. botl/lilll/l11 in shellfish. 
Table-2: Incidence of Clostridium botulinum in the fish and shrimp farm environment 
Farm Type of sample tested No. of samples No. of samples Type of toxin 
tested fo r positive for 
C. botulinulll C. botulinum 
A Pond water 3 I D 
Pond mud 3 2 C,D 
Soil from farm surroundings I I C 
Feeder canal water I - -
B Pond water 4 - -
Pond mud 4 - -
Feeder canal water I - -
C Pond water 3 - -
Pond mud 3 - -
D Pond water 5 - -
Pond mud 5 - -
Soil from farm surroundings I - -
Feeder canal water 3 - -
E Pond water 6 I IND 
Pond mud 6 - -
Soil from farm surroundings I - -
Feeder canal water I - -
F Pond water 6 - -
Pond mud 6 I C 
Feeder canal water I - -
ND - Not determined 
Few attempts to quantify the numbers of C. botulinum naturally present in farm-
rai sed fish has been made (Huss et 01. I 974a). Huss et 01. (1974a) detected type E in the 
intestinal tract of trout at the level of 5.3/g. Baker et 01. (1990) reported 100% of the 
composite sample of. King Salmon from Nimbus hatchery California harboured 
C. bOllllillll1ll type A at a level of 23 organisms per l00g (range 4 to 120). Clostridium 
b) 
bOllllil/llm count of 70f lOOg in the intestine sample of farmed fish observed in the present 
study was comparable to that quoted by Baker el al. (1990). Eklund el al. (1984) reported 
that the intestines of fish with botulism symptoms contained type E bacteria ranging from 
75 to 110000 per g. In whole shrimp, the botulinum count observed in the present study 
was 15011 OOg. Clostridium botu/illutll was detected in wild shrimp in Indonesia at a 
level of 2fkg (Dodds 1993b). 
Table 3: Distribution of Closlridiwll bOlulillum in farmed fish and shrimp 
Farm Sample Type of No. of No. of samples Type of 
sample tested samples tested positive for toxin 
for C.botulillum 
C.botulillutll 
A Shrimp - Whole 3 2 C,D 
Pella ells mOllodoll 
B Shrimp - Whole 4 - -
P. mOl/odo" ~ 
C Shrimp - Whole 2 - -
P. mOl/odol/ 
D Fish - Skin with 
Oreochromis muscle I - -
1,wsambicIIs intestine I - -
E Fish - Skin with 
ellGllOs ciwl/oS Muscle 4 - -
Intest ine 4 I C 
Mllgi/ cephaltls Skin with 
Muscle 4 - -
Intestine 4 - -
Shrimp -
Pel/aeus illdiClls Whole 2 I D 
F Fish - Skin with 
Oreochromis Muscle 2 - -
1Wossambiclls Intestine 2 I D 
Shrimp -
P. illdicus Whole 5 I D 
Shrimp - Shell with 4 - -
P. illdicIIs Muscle 
Intestine 4 - -
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Table 4: Quantitative estimation of C. botulinum in fi sh, shrimp and fann environment 
Farm Sample positive for MPN countllOOg 
C. botulinum 
A Water 4* 
Mud 15 
Mud 1100 
P. mOl1odon 70 
P. lIlonodon 150 
E Water 4* 
Cllanos chanos 70 
*CountllOOml 
Table 5: Matrix of correlation of C. botulinum count in P. monodon with pond water 
MPN count of PH D.O. Salinity P. monodon 
C. botulillum 
MPN 1.0000 
PH 0.7847 1.0000 
DO 0.3205 0.6990 1.0000 
Salinity -0.5242 -0.6362 -0.9301 * 1.0000 
P. monodon -0.1597 0.455 1 0.7000 -0.4960 1.0000 
* indicates p<0.05 
Table 6: Matrix of correlation of C. botulinum count in P. monodon with pond mud 
MPN count of PH D.O. Salinity P. monodon 
C. botulinum 
MPN 1.0000 
PH 0.9483 1.0000 
DO 0.7204 0.7040 1.0000 
Salinity -0.7001 0.8273 0.7095 1.0000 
P. /IIollodoll 0.9991 * 0.9387@. -0.6693 -0.6693 1.0000 
* - p<O.1 0: @ - p<0.05 
• 
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Huss (1981 b) reported that the prevalence and distribution of C. botulinum spores 
In fish were usually associated with their distribution in sedimentary deposits. Our 
findings also agree with that of Huss (198 1 b). Types C and D are the predominant type in 
tropical waters (Mortojudo et al. 1973; Tanasugam 1979; Huss 1980; Haq and Suhadi 
198 I: Lalitha and Surendran 1992). Similar results were also observed in the present 
study. 
Titres of C. bOllllinum toxins In enrichment cultures of fish and shrimp in 
Robertson ' s cooked Meat Medium were low (10-20 MLD/ml). Cann et al. (1975 ) 
reported a toxin titre of 10-4000 MLD/g in farmed trout in Great Britain . The low toxin 
titre in this study indicates a low contaminating load of C. botulinum and/or poor 
toxigenicity of the organisms. 
The association of C. botulillum type A and B with neutral to alkaline soils and 
also with soi ls low in organic matter has been reported earlier (Smith 1975). A similar 
relationship of C. botl/lilll/III types C and D from sediments with pH was observed in the 
present study. Ortiz and Smith (1994) attributed the recent high prevalence of types C 
and D in U.K. to the rotting organic matter and generated heat associated with land fill 
sites. The high atmospheric temperature in the tropics and the rotting organic matter in 
the farms may favour the multiplication of types C and D in the fish/shrimp farms. 
The safety of farmed fish has been questioned after an outbreak of type E botulism 
In Germany associated with farm-raised smoked trout fillet (Bach et al. 1971 ). 
ClostridiuIII botulinulII types C and D as the cause of human botulism is in some doubt 
(Smith 1990; Hauschild 1993). However, human cases of type C and D botulism have 
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been reponed earlier (Roberts and Gibson 1979; Hauschild 1993). Clostridium botulinum 
type. D and its toxin were detected in patients who died unexpectedly with symptoms 
like respiratory difficulty and severe dysphagia in Switzerland (Sonnabend and 
Sonnabcnd 198 1). Fastidiousness of type: C in experimental monkeys (Smith 1990) and 
the recent infant botulism by type C in Japan (Oguma et 01. 1990) indicated that its 
potential ri sk should not be underestimated. 
The prevalence of C. botulinum type C and D in three farms examined indicates 
that if the farm conditions allow considerable enrichment of the numbers of 
C. botl/linl/III , it will not be a danger as such, but the number of fish/shrimp marketed 
containing C. botulillUIIl spores is likely to increase. Huss et 01. (1974a) found that excess 
feed and fish faeces lying in the pond bottom provide ample nutrients for growth of 
C. botl//iIlUIII. Burns and Williams (1975) have pointed out that the organically rich mud 
is rendered anaerobic by the deposition of food waste, dead fish etc. allowing the 
multiplication of C. botulillulII and contamination of more and more fish in the farms. 
Eklund et III . ( 1984) have reported that fish dying from other fish diseases or even death 
of a few fi h during transfer from one pond to another have been sufficient for the 
multiplication of C. botulinulII in the farm and contamination of the fish. 
Fish botulism is associated with C. botulinum type E (Huss and Eskildsen 1974; 
Cann and Taylor 1982, 1984; Eklund et 01. 1982, 1984; Roberts 1989; Inglis et 01. 1993). 
Therefore recovery of C. botlilillUIll types C and D from the farms examined in the 
present study do not pose any great hazard to farm animals. 
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An understanding of the prevalence and natural spore load of C. botulillum in fish 
and their envi ronment is essential to evaluate the potential risk of botulism from such 
food and the effectiveness of a processing method is affected by the initial number of 
C. bOtlllillll1ll spores. The incidence of C. botulillum was high in farmed fish/shrimp 
(18-20%) compared to pond mud ( 11 %). The types C and 0 C. botulinum prevalent in 
water and mud were encountered in farmed fish/shrimp indicating a close link in the 
distribution of C. botulinulll in fish/shellfish and sediments. The numbers of C. botulinum 
estimated from farmed fish/shrimp do not exceed those reported for wi ld fish from 
tropical waters or farmed fish from temperate countries. Only the viscera of fish were 
shown to be contaminated with C. botulinum. Therefore, efficient evisceration and 
washing of fish may reduce the level of contamination. The recommendations of Huss et 
al. ( 1974) and Cann et al. (1975) for the control of C. botulinum in trout farms apply 
equally well in fish farms in the present study. Adoption of safe farm management 
practices and following of Hazard Analysis at Critical Control Points (HACCP) can 
ensure production of farmed fish safe for human consumption (Gopakumar 1998). The 
level of contamination of pond mud by C. botulinulll is high compared to farmed 
fish/shrimp. By periodical cleaning of the pond bottom, the contamination can be kept at 
low level. The top layer of bottom sediments of the ponds should be removed and the 
pond bottom mud be treated with quicklime after each farming operations to prevent any 
build up in the number of C. bOllllinum present in the bottom. It is also suggested that 
dead fish should be removed from the farms as soon as they are fou nd, appropriate 
feeding strategy should be adopted to regulate excess feed to reduce the organic load of 
the farm and the dissolved oxygen level should be maintained at the optimum level by 
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aeration/exchange of water to prevent the multiplication of C. botulinLlm in the culture 
system. 
In the present study, the numbers of bacteria isolated from farmed fish and shrimp 
did not exceed those reported in wild fish and the numbers of C. bolulillum that may 
present a significant risk of food-borne illness is low. Therefore, farm raised fish and 
shrimp do not pose a great hazard to human health than do wild fish. Since aquacultured 
fish can be brought to market faster than wild fish, they probably pose a considerable 
lower microbiological risk than wild fish . The preference for 'fresh and fresh like' foods 
and minimally processed foods has considerably increased in recent years. The risk of 
botulism can be increased by such fish preservation process as they foster the growth of 
C. bOlll/ill lllll if processing is not proper. Therefore, the recovery of these pathogens from 
farmed fish and shrimp emphasizes the need for promoting good sanitation and 
appropriate methods of preservation to ward off post process contamination. Proper 
handling and quality control immediately after harvest should result in high quality and 
safe products from farm raised fish and shellfish. 
4.1.2 Distribution of Clostridium botulinum in coastal waters of India 
The distribution of C. bOlulillum in the mud samples from west coast and East 
coast and bivalve samples caught from the wild as well as from open farms were 
examined and summarised in table 7. Of the 28 mud samples analysed from the west 
coast. 8 samples harboured C. bolulillum (29%) with type D predominating (S/8) 
followed by type A (2/8) and type C (1/8). The contamination level of West Coast mud 
with C. bOlll/illUIII ranged from 0-70 per lOOg. In the east coast, of the 16 mud samples 
7t 
examined, C. botulinulII was detected in 25 percent of the samples. Type C was found in 
• 
the pO ' itive samples. The concentration of C. botulinum spores in the East Coast mud 
was 0-40 per 100g. The overall incidence of C. botulinum in mud samples was 27% with 
types C and D predominating followed by type A. 
Table 7:' Incidence of ClostridiulII botulinum in mud and bivalves from coastal waters of 
India 
Source of No. of No. of 
sample samples Sample samples MPN count C. botulinum 
tested positive for of type 
C. botulinum C. botulinum identified 
per 100g 
Narakal 6 West coast mud I - Typee 
Kannamali 4 West coast mud - - -
Andhakara- 4 West coast mud 2 40 Type A 
nazhi 
Calicut 4 West coast mud - - -
Mangalore 4 West coast mud 2 40 TypeD 
Veraval 6 West coast mud 3 70 TypeD 
Mandapam 12 East coast mud 3 40 TypeC 
Rameswaram 4 East coast mud I - Typee 
Narakal 6 Wild green 2 40 Typee 
mussel - Perna 
viridis 
arakal 6 Farmed oysters 2 - TypeD 
- Crassostrea 
madrassensis 
Kannamali 3 Wild Brown I - Typee 
Mussel - Perna 
indica 
Andhakara- 8 Farmed Green 2 70 Type A 
nazhi Mussel - Perna 
viritW 
Calicut 6 Wild green - - -
Mussel 
- Perna viridis 
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Farmed bivalve samples from the open brackishwater and marine areas of the 
West Coast were examined for C. botulinum. Clostridium botulinum was found to be 
present in 29 percent of the 14 samples. Types A and D were found in two samples each. 
In wild bivalves. the incidence of C. botulinum was 20% (3/5). Type C was predominant 
in wild shellfish samples. The estimated level of C. botulinum in farmed bivalves samples 
ranged from 0-70 per IOOg. In wild samples, C. bOlL/linum spore level was in the order of 
0-40 per IOOg. While the overall contamination level was 24% in bivalves, it ranged 
from 20% in wild greenlbrown mussel, 25% in farmed green mussel to 33% in farmed 
oysters. 
The results of the survey of coastal areas indicate that aquatic environment is 
contaminated with C. bott/linulII, the counts are very low, usually less than IOO/lOOg in 
sediments. In contrast, high counts of C. botulinum spores have been reported in 
sediments from Green Bay ( IOO-36,OO/g; Sugiyama et al. 1970), Pacific coast of the 
United States of America (54-3200I100g; Eklund and Poysky 1967) and Denmark 
(80-35000/100g; Huss, 1981b). 
The occurrence of C. botulinum in freshwater and marine muds has been reported 
fro m many parts of the world (Huss 1981 ; Haq and Suhadi 1981 ; Dodds 1993a). 
Extensi ve surveys of sediments showed very high incidence of C. botulinum in the US 
Pacific coast and Atlantic coast of the United States ( 12-87%) with types A. B. C. E and 
F (Eklund and Poysky 1967; Craig and Pilcher 1967; Huss 1980. 1981 b) and low 
incidence (4-8%) in the US Gulf coast, Atlantic coast (Ward et al. 1967 a, b) and Mobile 
bay (Pressnell et al. 1967) with types A-E. In sediments from the coast of U.K., incidence 
was low whereas in samples from Scandinavian waters, Norfolk Broads and 
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Greenland coast incidence of C. bOllllinum type E was high (86- 100%; Huss 1980, 
1981 b: Lund 1986). In Japan, incidence of C. botulinum was 12% in sediments from 
Seto Inland sea and 28% from Ohta river and Hiroshima coast (Venkateswaran et al. 
1989 a, b). In lran, 17% of the sediment samples harboured C. bOllllinum (Huss 1981 ). 
Earlier su rvey of sediments in indonesia demonstrated C. botulinum types A through E in 
16% of the samples (Mortojudo et al. 1973). In a later survey, 12% of sediment samples 
were found to harbour C. botulinum types A-F (Haq and Suhadi, 1981) with types C and 
D predominating. In another survey, Suhadi et al. (1981) reponed incidence of 
C. botulin um in 2% of the sed iment samples from Indones ia with type B predominating 
followed by D, C and A. In Thailand, Tanasugarn (1979) reponed incidence of 
C. botulillulIl type D and E in 2% of the sediment samples with type D predominati ng. In 
Bangladesh, Huss ( 1980) demonstrated C. botulinum types C and D in 50% of 
brackish water sediments and 37% of fresh water sediments. The occurrence of 
C. botulillum type D was reponed from the brack ish water sediments in India (Lalitha and 
Surcndran . 1993). Clostridium botulinum types C and D were detected in sediment 
samples from Africa (Smith 1987), United States (Ward et al. 1967; Pressnell et al. 1967) 
and Europe (Lund 1986). The overall incidence of 27% in mud samples in India as 
reported in the present study was lower than that of the United States, Europe and 
Bangladesh and was comparable to that of Japan. The predominance of C. botulinum 
types C and D in the tropical waters reponed by Haq and Suhadi ( 1981 ), Tanasugarn 
(1979) and Huss ( 1980) has been confirmed. 
In bivalve samples, an overall contamination level of 24% was fou nd in the 
present study. Type C predominated in this study followed by type D and A. Pressnell 
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et al. ( 1967) found incidence of C. botulinulII type E in 3%of oysters from Mobile bay. In 
contrast, Craig et al. ( 1968) found C. botulinulII in 33% of the oyster samples, 23% of the 
clam samples and 68% of the crab samples from Pacific coast of the United States with 
type E predominating followed by types A and B. Baker et al. (1990) reported 
contamination by C. botulinulII type A in one out of 26 shellfish samples (4%) from U.S. 
East coast. In Europe, Huss (198 1) reported incidence of C. botulinulII type E in 2 1 % of 
the shellfish samples from the Scandinavian coastal waters and the Baltic while the 
contamination level is low (7%) in shellfish from Skagerrak and North sea. In Indonesia, 
a contamination level of20% (6/30) was reported by Mortojudo et al (1973) and in a later 
survey Suhadi et al. ( 1981 ) reported contamination by C. botulinulII types A and C at a 
level of 2lkg in I % of the shellfish samples. The association of C. botulinum types A, C 
and D with shell fish was found in the present study as reported earlier by other workers 
(Ward el al. 1967a, b; Mortojudo et al. 1973; Suhadi et al. 1981). The C. botulinum 
types prevalent in the mud samples from the coastal waters were also demonstrated in 
bivalve samples from the same waters. 
Clostridium botulinum type A is the causative agent of human botulism and type 
A toxin has the highest lethal acti vity in the genus clostridium. An outbreak of botulism 
associated with C. bOlulinum type A following consumption of home-processed mussels 
has been reported in New Zealand (Hauschild 1993). Growth and toxin production 
by C. botulillulll in scallops, oyster and clam substrates were also reported earlier 
(Strasdine and Kelly 1967; Patel et al. 1978; Goldmintz et al. 1983; Fletcher et al 1988 ). 
The potential of type C botulism in humans has also been indicated earlier. Therefore, 
potential risk of bivalves contaminated with C. botulinum should not be ignored. 
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The recent increase in aquaculture of fish/shellfish in the coastal waters makes it 
important to know the ecology of C. botulinum in various environments. Bivalve 
molluscs because of their filter feeding ability, accumulate high numbers of pathogens 
from the environment which presents a risk to public health if toxigenic strains multiply 
to high numbers during improper storage and handling of shellfish (Austin and Austin, 
J 
1993). The coastal waters of India have the potential for mariculture development and it 
is of considerable importance to ascertain the degree of the risk of contamination with 
C. bOtlllillll1Jl in farmed fi sh/shellfish from these waters. Also, chances of mishandling of 
shellfish during transportation as well as by retailers and consumers, are ever present. 
Since C. botulillulII can cause food-borne illness in humans, anything which influences 
the population of C. botulinulII in food may affect its safety. 
The present study indicated that the incidence of C. botulinum was higher in the 
West coast mud (29%) compared to east coast mud (25%). The overall contamination 
level in bivalves was 24%. The incidence of C. botulinum in the aquatic environments of 
India is found to be lower than that of temperate water but considerably higher than that 
of other tropical waters. Clostridium botulinum types C and 0 predominate in the aquatic 
environment of India. The distribution of C. botulinum in shellfish is closely related to 
their occurrence in sediments. The level of contamination of farmed and wild shellfish is 
very low. Therefore it will not be a danger as such . Psychrotrophic strains of 
C. bOllllillll1ll are noticeably absent in shellfish. The presence of C. bOlulinum type A in 
bivalves may have public health implications. In view of the prevalence of C. botulinum 
type A in bivalves the potential exists for the occurrence of cases of human botulism from 
consumption of bivalves which have not been processed adequately to destroy the 
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organism or toxin. Hence 24% recovery of these pathogens from shellfish is a matter of 
great concern for public health . It is of considerable importance to adequately remove 
these pathogens from bivalves either by self-purification in clean sea water or by adequate 
processing to make it fit for human consumption. 
4.1.3 Investigations on the incidence of Clostridium botulinum in 
Cultivable fish/shellfish and trash fish 
Twenty samples of fish belonging to eleven culturable species and twenty four 
samples of shellfish . belonging to six cultivable species. caught from the wild. were 
examined for C. bOllllilllllll. Of the 20 samples of fish examined. 20 percent harboured 
C. bOllllillll1ll (Table 8). The frequency of contamination on the surface of fish was 20 
percent while that in intestine was 15 percent. Type D predominated in surface samples 
(214) followed by type A ( 1/4). One sample could not be type identified as the toxin level 
in the enrichment was too low. Of the three positive intestine samples. only two could be 
type identified. Type A and C were detected in one sample each. In shellfish. twenty five 
percent of the samples (6/24) were found to be contaminated with C. botulinulII (Table 9). 
Except clams. all the species of shellfish analysed were found to be contaminated with 
C. botulillUIII with type C predominating (3/6) followed by type D (2/6) and type A 
( 1/6). The incidence of C. botulinulII was slightly higher in shellfish than fish. Types C 
and D predominated in shellfish and fish. In wild freshwater fish and shellfish examined. 
C. botlllilllllll was detected in 2 out of 10 samples (20%). 
Thirty samples of trash fish collected from various sources were examined for 
C. botulillulIl and the results are summarized in table 10. Twenty seven percent of the 
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samples showed contamination by C. bOlulinum. Twenty five percent of samples showed 
contamination by C. bOlulinum on the surface with types A, C and D in two samples each 
and type B in one sample. Incidence of C. bOlulinum in the intestine samples of fish was 
low (5%) and type A was found in the positive sample. 
In the present study, an overall contamination level of24 percent was noticed with 
( '. hollllillum type C predominating followed by types D, A and 8 . The level of 
contamination at the retail level was high in the United States (Dodds 1993 b). A high 
level of contamination by C. bUlulinum was reported in fish from the pacific coast of the 
United States (5-43%; Craig and Pilcher 1967; Eklund and Poysky 1967. Craig el al. 
1968), in fresh dressed rock salmon from California (100%; Lindorth and Genigeorgis 
1986), in fresh king salmon from Alaska (100%; Garcia and Genigeorgis 1987), in fresh 
retail fish from California (22% and 67%; Baker e/ al. 1990) and in fish from Scandinavia 
(63%; Johannsen 1965 a; Huss 1981 b). Incidence of C. botulinum was low in the 
Atlantic and Gulf coast of the United States (1-5%; Nickerson e/ al. 1967; Ward e/ al. 
1967 a b), in Latin American waters (2%; Ward et al. 1967 c), in Europe with the 
exception of Scandinavia (0-8%; Cann et aI 1965 a; Baumgart 1972; Hobbs 1976), in 
Japan (4-13%; Kanzawa et al. 1970; Yamamoto et al. 1970; Haq and Sakaguchi 1980; 
Jarvis and Patel 1980) and in Gulf of Thailand (1%; Tanasugam 1979) whereas in 
Indonesia (2-17%; Mortojudo et al. 1973; Haq and Suhadi 1981 ; Suhadi e/ al. 1981) and 
India (3 -32%; Lalitha and Iyer 1990; LaIitha and Surendran 1992), the incidence was 
slightly high. Type E is the most dominant type found in aquatic environments reported in 
world wide studies of temperature geographical areas (Hobbs 1976; Huss and Pedersen 
1979; Huss 1980; Dodds 1993 b). However, incidence of types C and D were also 
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reported in marine environments of the temperate areas (Carroll el al. 1966; Ward et al 
1967 abc; Pressnell el at. 1967). Baker el al. (1990) found predominance of type A in 
fish from California super market. Types C and D are the most prevalent types in the 
aquatic environment of South Africa (Smith 1990), Japan (12-28%; Aruma and Itoh 1987; 
Venkateswaran el al. 1989 a b), Indonesia (12%; Mortojudo el al. 1973 ; Haq and Suhadi 
1981 ; Suhadi elal. 1981), Gulf of Thailand (1%; Tanasugam 1979), Bangladesh (50%; 
Huss 1980) and India (Lalitha and Surendran 1992, 1993). The overall contamination 
level of 24% in fish as observed in the present study was low compared to the incidence in 
the United States and Scandinavia, but very near to that in Indonesia. 
In rreshwater fish and shellfish samples examined in the present study, incidence of 
C. hotulil/um was 20% (2110) and all positive samples harboured types C and D. 
Contamination of wild freshwater fish was reported with C. bOlulinum types B and E 
(6-57%) in the United States (Bot! et al 1966; Craig et al 1968; Chapman and Naylor 
1966). with types C, E and F in Japan (Yamamoto el al. 1970; Aruma and Itoh 1987) and 
with types C, D and E (14%) in Indonesia (Haq and Suhadi 1981). C. bOlulinum was not 
found in wild rreshwater fish in Europe (Huss 1981 b). 
The high incidence of C. hOlulinum in both marine and rreshwater fish and shellfish 
samples reported in the present investigation can be attributed to the heavily contaminated 
environment. Clostridium hOlulinum has a wide spread distribution as reflected by its 
isolation rrom different sources. The rrequency of contamination of fish was more on the 
surface than in the intestine. Huss and Pedersen (1979) have also reported that 
contamination of gut with C. hotulinllm is most common in bottom feeding fish and in 
pelagic fish surface is more contaminated than gut. 
Table 8: Incidence ofC/()stridium hutll/inllm in culti vable fi sh caught from the wild 
Source of No. of Common Scientific name Sample No. of r. hotll/inum 
SL the sample samples Engli sh name of ponion samples Type present 
No. tested the fi sh examined positive 
for 
C. hutli/illllm 
I. Cochin 3 Mullet Mugil cepha/us Skin with muscle I D 
retail market Intestine - -
2. Cochin I Mullet Lizaparsia Skin with muscle I A 
retail market Intestine I *ND 
3. East coast onboard vessel I Reefcod Epinephe/us tauvina Skin with muscle 
- -
Intestine 
- -
4. West coast onboard 3 Reef cod Epinephe/us ma/ahariclls Skin with muscle 2 ID, IND 
fishing vessel Intestine 2 IA, Ie 
5. West coast onboard I Reef cod Epinephe/us a/bomarginalus Skin with muscle 
- -
fishing vessel Intestine - -
6. East coast onboard vessel I Red snapper Luljanlls argenlimacu/alus Skin with muscle - - , 
Intestine - -
7. Cochin retail market 2 Tarpon Mega/ops cyprinoides Skin with muscle - -
Intestine - -
8. Cochin retail market 2 Pearl spot Elrop/us SlIralellsis Skin with muscle - -
Intestine - -
9. Cocrun retail market 2 Milk fish Challos chanos Skin with muscle - -
Intestine -
-
10. Muhamma 2 MrigaI Cirrhilllls mriga/a Skin with muscle 
- -
(freshwater fish) Intestine 
- -
II. Muhamma 2 Rohu Labeo rohila Skin with muscle -
-
(freshwater fish) Intestine 
- -
ND Not Deterrruned 
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Table 9: Incidence of Clostridium botulinum in cultivable shellfish caught from the wild 
SI Source of No. of Common Scientific sample No. of C. bOIU-
No. 
the sample samples English Name portion samples [ilium 
and the tested Name ex a- positive type 
environment mined 
from where for C. present 
samples botulillum 
collected 
I. Fort Cochin 3 Indian white Pellaeus indicus Whole I C 
landing centre prawn 
( marine) 
2. Cochin retail 6 Fresh water Macrobrachium Whole 2 C. D 
market prawn 
rosellbergii 
(freshwater) 
J. Cochin retail 
market 
3 Clam Meretrix meretrix Whole - -
(brackish water) 
4. I Narakal 2 Green Pema viridis Whole - -
(marine) mussel 
5. Vaikom 3 Green Perna viridis Whole - -
(brackish water) mussel 
6. Kannamali 3 Brown Perna illdica Whole I C 
(marine) mussel 
7. Andhakara- 2 Green Perna viridis Whole I A 
nazhi mussel 
(marine) 
8. 1 Narakal 2 Oyster Crassostrea Whole I D 
-
(brackish water) madrasellsis 
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Table 10: Distribution of ClostridiLlIII botLllinum in trash fish from Indian waters 
SI. Source of Common Scientific name Sample No. of No. of C.botu-
No. Sample English portion samples samples linum 
name examined tested +ve for C. type 
botulinum present 
I. Cochin retail Ribbon Lepturacanthus skin with 4 2 A,B 
market and fi sh savala muscle 
onboard 
fishing vessel 
2. Cochin retail Tarpon Mega/ops skin with 2 - -
market cyprilloides muscle 
3. Cochin retail Pony fi sh Leiogllathus skin with 4 - -
market splelldells muscle 
Intestine 4 - -
4. Cochin retail Croaker Johllius skin with 2 - -
market dussumieri muscle 
Intestine 2 - -
5. Cochin retail Lizard Saurida tumbil skin with 4 2 C 
market fi sh muscle 
Intestine 4 I A 
6. Onboard Russels Decapterlls skin with 2 I D 
fi shing vessel scad russelli muscle 
Intestine 2 -
7. Cochin retail Flat fish CYlloglossus skin with 2 I D 
market Malabar macroslomus muscle 
tongue Intestine 2 - -
sole 
8. Cochin retail Croaker Otolithes cuvieri sk in with 3 - -
market Lesser muscle 
tiger tooth Intestine 3 - -
croaker 
9. Cochin retail Big jawed Lactarius skin with 3 I A 
market jumper! lactarius muscle 
white fish Intestine 3 - -
10. Cochin retail Carangid Alepes djeddaba skin with 2 - -
market muscle 
Intestine 2 - -
II. Cochin retail White ESCI/alosa Whole 2 I C 
market sardine thoracata 
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ClOSlridilllll bOlu/illlllll types C and D are the predominant types in fish and 
shellfish in the present study as reported for tropical areas in earl ier studies (Suhadi et al. 
1981: Haq and Suhadi 1981 : Tanasugam 1979; Huss 1980). Haq and Suhadi (198 1) have 
attributed the dominance of types C and D along the equator to the higher temperature 
since 42°C is the optimum for their growth. Though types C and D have been implicated 
in earlier outbreaks, either type as the cause of human botulism is in some doubt 
(Hauschild 1993). However. the recent occurrence of infan t botulism by type C in Japan 
(Oguma et al. 1990) and the fastidiousness of type C in experimental monkeys (Dolman 
el al. 1961) indicates that its potential risk should not be ignored. The recorded cases of 
human botulism are mainly due to types A. B and E (Smith 1990). 
It is evident from the present investigation that C. bOllllillUIII types A. B, C and D 
are associated with fish species that are used in aquaculture as well as trash fish that are 
used as feed in the farming of carnivorous fishes. More important implication of the 
present finding is that the contaminated feed can be a source of C. borulillum spores in the 
aquaculture system. The contaminated trash fish feed may contaminate the farmed fish 
and farm environment. The contaminated trash fish feed were implicated in the botulism 
outbreaks in trout farms in Europe and the United States (Huss 1981 b; Eklund el al. 
1984). 
The incidence of C. bOlulinulll in shellfish (25%) was higher than in fish (20%). 
In wild freshwater fi sh/shellfish, incidence of C. bolulillum was 20%. An overall 
cOl1lamination level of 24% was noticed predominantly with C. bolulillUIll type C 
followed by types D. A and B. The contamination of fish was more on the surface than 
the intestine. The present study indicates that the overall contamination level of 
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fish/shellfish (24%) does not exceed that reported for wild fish from temperate waters and 
is also within the range reported for tropical waters. The present study reveals that 
marine, brackish water and freshwater environments in India are contaminated with 
C. botulinum. The presence of C. botulinum types A and B, which are associated with 
human botulism in fish and shellfish caught from the wild may have both ecological and 
public health implications. Psychrotrophic strains of C. botulinum are noticeably absent. 
Natural seed resources as well as hatchery seed resources are used in the farming of fish 
and shellfish. There is the possibility of transfer of live fish and fish eggs from country to 
country. With such transfers there is possibility of introduction of psychrotrophic 
C. botulinum types from exotic fish/fish eggs. Therefore contamination of the culture 
system is also possible with C. botulinum types associated with wild fish and shellfish 
through water, seed from natural sources or trash fish feed. 
Clostridium botulinum types A and B could potentially grow and produce wound 
botulism if it is introduced into damaged tissue of humans. Moreover, the potential of 
type C infant botulism exists. Therefore, 27% recovery of these pathogens from trash fish 
is a mailer of great concern while handling the contaminated fish in culture systems. 
Trash fish if used as feed in the culture of carnivorous fish should be properly handled 
and adequately processed to destroy the organism or toxin, to keep the contamination at 
low level and to prevent infection of farm animals and man. 
4.2 Clostridium botulinum in processed fishery products 
4.2.1 Incidence of Clostridium botulinum in chilled stored farmed shrimp 
Results of the chi lled storage study of farm-raised shrimp, P. indicus. are 
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presented in Table II. Initial analysis of P. indicus showed contamination by 
C. botlllilllllll type 0 at the spore level of 40 per 100 g. The toxin level in CMM 
enrichment cultures reached 10l MLD/g. Clostridium botulinum type 0 was detected in 
shrimp samples withdrawn after 8 and 12 days of chilled storage. The C. botulinulII count 
in the shrimp samples remained same after 12 days of chilled storage. Neither growth nor 
toxin production of C. botulinulII was observed in shrimp during chilled storage for 12 
days but toxin production was observed when samples were vacuum-packed and 
incubated at ambient temperature (30± I DC) for 5-8 days. The packs were bulged due to 
gas production and the shrimp samples were discoloured. They had also offensive 
odours. 
Table 11 : Incidence of Clostridium botulinum in fann-raised shrimp during chilled storage 
No. of days Enrichment MPN count of C. Type Toxin level in 
of storage medium botulinulII per l00g identified enrichment medium 
0 CMM 40 0 <IOJMLD/g. 
Whole shrimp 
vacuum packed - D 
4 CMM - - -
8 CMM - D -
12 CMM 40 D <lOl MLD/g 
whole shrimp 
vacuum packed - 0 -
Recovery of spores from chilled stored shrimp in the present study indicates that 
spores of C. botl/linlllll are highly resistant to chilling. Similar observations were made 
earlier by Genigeorgis and Riemann (1979) and Garren et al. (1994). Bartl (1973) had 
reported stabili ty of C. botlllilllllll toxin to chilling temperature. 
,~~ 
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The present investigation also showed the ability of C. botulinum to grow and 
produce toxin in chilled stored shrimp which were later packed under vacuum and stored 
at 30°C. Neither growth nor toxin production of C. bOlLllinum were noticed in shrimp 
during chilled storage. The risk of C. bOlulinum can be increased by vacuum packing! 
modified atmosphere. 
Schofield (1992) reported C. bOlLllinum as a potential hazard in chilled vacuum-
packed foods which usually have minimal heat processing and are not heated or only 
mildly heated prior to consumption. Lerke and Farber (1973) studied the ability of 
C. bollllilllllll to grow and produce toxin in shrimp meat and found growth and toxin 
production of types A and B during storage at 75°F (23.8°C) and of type E during storage 
at 50°F (10°C) in inoculated shrimp homogenates and previously heat pasteurized shrimp 
in air-impermeable plastic pouches. In many countries, there has been great concern 
recently about the safety of foods including the chilled ones. The occurrence of 
C. bolulilllllll and their current importance in chilled foods has been discussed by Gibson 
(1990). The effects of Modified Atmosphere Packaging combined with chilling on the 
storage life of fish have been extensively studied (Cann 1984; Beirne 1990; Wignall el al. 
1990). Since psychrotrophic C. bOlulinllm strains can grow at chill temperatures , careful 
temperature control of chilled foods is essential both for quality and safety. Garren el al. 
(1994) investigated the potential for C. bolulinlllll outgrowth and toxin production in 
inoculated vacuum-skin packaged shrimp and found toxin production by C. bOlulinum at 
10°C after 6 days . In the present investigation, psychrotrophic C. bOlulinllm strains were 
not detected in shrimp. 
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The present study reports incidence of C. botulinum type D in farmed shrimp 
during chilled storage. The spores of these strains survived chilling temperature and there 
may be potential for multiplication and toxin production by C. botulillum, if the shrimp is 
vacuum packed and stored without maintaining the storage temperature at or below 4°C. 
Although psychrotrophic C. botulinum strains were not isolated, it should not be assumed 
that these bacteria are absent in farmed shrimp. High standards of hygiene in shrimp 
farms and processing facilities are essential to keep the contamination at low level in 
order to ensure safety of aquacultured products . 
4.2.2 Incidence of Clostridium botulinum in frozen fishery products 
Fortyone samples of frozen fi shery products were analysed for the presence 
C. botulillulII , Six samples ( 15%) were found to be contaminated with C. botulinum types 
A, B, C and D (Table 12) . Types C and D predominated in frozen fish!shellfish followed 
by type A and B. The toxin level in the positive enrichment cultures ranged from 10 to 
<100 MLD/ml. The frozen farmed shellfish were found to harbour C. botulinum at a 
leve l of 0-40 per 100 g. 
Contamination of fi sh with C. botulinum is well known (Hobbs 1976; Huss 1981 ; 
Smith 1990; Dodds 1993a). Dodds (1993b) reviewed the distribution of C. botulinum in 
processed fis hery products. [nsalata et al. ( 1967) found a lower level of contamination 
(10%) with C. botulinum type E spores (70/kg) in commercial vacuum packed frozen 
flounder from Nova Scotia. Thatcher et al. ( 1967) reported incidence of C. botulinum in 
very few samples « I %) out of 400 frozen packaged fi sh from Canada and types A, Band 
E were detected in the positive samples. Incidence of C. botulinum in 15% frozen fish! 
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shell fish found in the present study is higher than the levels reported before for frozen 
fi sh. Contamination of fresh fish from Cochin with C. botuLinum (0-32%) has already 
been reported witli types C and D predominating (Lalitha and Iyer 1990; Lalitha and 
Surendran 1992). Therefore, it is to be expected that frozen fish/shellfish may also be 
contaminated as well. Psychrotrophic C. botuLinum strains were not detected in frozen 
fishery products. 
In the present study, C. botuLinum spores were recovered from fanned shellfish 
which were initially shown to be contaminated with C. botuLinum after frozen storage of 
2 mon ths. Earlier work of Georgala and Hurst (1963) and Genigeorgis and Riemann 
(1979) have shown that C. botulinum spores are highly resistant to freezing and the toxin 
is unaffected by freezing. Similar results were noticed in the present study. The non-
proteolytic C. botulinum strains are capable of growth and toxin production at chilled 
temperatures (Hatheway 1993; Eklund 1993). Abusive storage temperature, therefore, 
induce toxin production by C. botulinum in such foods if the raw food is contaminated 
with C. botlililllllll . 
Nearly all of the fish-borne botulism outbreaks were linked to smoked, salted, 
canned or fermented products, usually eaten without further cooking (CDC 1979). 
Frozen fi shery products have never been implicated in any outbreaks of botulism. 
ClostridiulII botulinum types A, Band E are the causative agents of human botulism. 
Though types C and D are generally considered as not hazardous to humans, the potential 
of type C and D botulism exists. The recovery of C. botulinum types A, B, C and D from 
15% of frozen fish is a matter of concern . 
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Table 12: Distribution of Clostridium barulinum in frozen fish and Shell fish 
Source Sample Sample Total No. of MPN count of Type 
of portion No. of samples C. botulinum identi 
sample exa- samples positive for per 100 gram -
mined exa- C. botulinum fied 
mined 
Farmed Whole Penaeus indicus 4 1 40 D 
Farmed Whole Perna viridis 4 I 40 A 
Wild Whole Perna viridis 4 - - -
Wild Whole Saurida tumbil 3 - - -
Wild Whole Decapterus 4 1 - D 
russelli 
Wild Whole Sevia vharaonis 3 - - -
Wild Whole Pampus 3 - - -
argen/eus 
Wild SM Sardinella 4 I - C 
longiceps 
Wild SM Nemipterus 4 - - -
javonicus 
Wild SM Scomberomorus 4 1 - C 
commerson 
Wild SM LeplLlracanthus 4 1 - B 
savala 
Another implication of the present finding is that C. bOlLllinum types associated 
with frozen fish may be introduced into fish farms through trash fi sh feed. In the 
aquaculture production of carri vorous fishes like Groupers, Seabass and Snapper, trash 
fish is used as feed. Huss et al. (1974 a) had reported fi sh botulism outbreaks associated 
wi th contaminated trash fish feed. The abusive storage temperature of the trash fish may 
induce toxin production by C. botulinum in such foods and pose a hazard to farm animals. 
Incidence of C. botulinum in frozen fi shery products was 15%. Frozen farm 
raised shrimp and mussel showed contamination by C. botulinum at the level of 40 per 
lOOg. Psychrotrophic C. botulinum strains were not detected in frozen fi shery products. 
Types C and D predominated in frozen fish/she ll fish followed by type A and B. 
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Clostridilllll bOtlllillll1ll spores are highly resistant to freezing. There is a possibility of 
introduction of C. bOllllillUIII types A and B into fish farms through contaminated trash 
fish feed. 
Botulism has not been reported in India so far. ClostridiulII botulillum is 
considered as an environmental contaminant and is found in water, soil and fish . Though 
frozen foods have an enviable record for bacteriological safety, it is of great importance to 
give constant attention to factors controlling the possible survival and transmission of 
C. bOtlllillUIII in such foods. For prolonged frozen storage of fish/shellfish, strict 
temperature control is necessary to prevent multiplication of C. botulillUIII and to ensure 
quality and safety of the product. 
4.2.3 Distribution of Clostridium bolulillum in cured fishery products 
A total of 40 cured fish/shellfish samples procured from local retail markets were 
examined for the pre ence of C. botulillUIII and the data are summarised in table 13 and 
14. Clostridilllll bollllillUIII was detected in 13% of the samples with type D 
predominating (4/5) followed by type C (1/5). 
The water activity (aw) of samples varied greatly (fig. 8). Eighty eight percent of 
the samples had aw values in the range of 0.71-0.80 while 10% had a .. levels of 0.81 to 
0.88. The analysis of the water content of the cured fish samples revealed that 55% 
(22/40) samples had water content in the range of 46-51 % and in 25% of the samples, 
water content varied between 36-45%. In cured prawn sample, water content was still 
lower «22%). The sodium chloride content of the cured fish samples varied between 
16-25% in only 60 percent of the samples. 20% had sodium chloride content in the range 
of 11-15%. The sodium chloride content of less than 7% was noticed in 8 prawn 
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Hauschi ld ( 1989) reviewed the prevalence of C. botulinum in fresh processed fish. 
Salted fi sh from the Caspian sea were 29 percent positive while smoked fish carried 
spores in 1.1-20 percent of samples. Dodds (l993b) reported incidence of C. botulinum 
in 63% of salted carp from Caspian sea and type E spores were found at the level of 
<601l0g in salted fish from Caspian sea and 490/10g in salted carp. Incidence of 
C. bOlulillUIIl type D in dried fish was reported from India (Lalitha and Surendran 1993). 
A low incidence of C. bOlLllillulIl (13%) was found in cured fish in the present study. 
The viabili ty of C. botulillum spores at water activity level 0.75 was shown in the 
present study by the tox ic enrichment cultures of cured fish with water activity 0.75. The 
viab ility of C. botulillUIIl spores for long periods in many foods of low water activity 
have been reported earlier (Troller and Christian 1978; Genigeorgis and Riemann 1979; 
ICMSF 1980). These spores are of great concern after rehydration of such foods (ICMSF 
1980). There have been outbreaks of botulism associated with salt dried fish (Troller and 
Christian 1978; Sakaguchi 1979; Huss 1981 b; McClure et al. 1994). 
It is noted that 56% of the cured fish samples had moisture content in the range of 
46-51 % and 44% had moisture content in the range of 37-45%. values higher than the 
Bureau of Indian Standards (SIS) (IS : 2882. 1964; IS: 5198. 1969 and IS : 2883. 1976) 
which prescribe a range of 10-35% moisture normally and 40-45% moisture in respect of 
cert ai n big fi shes (Gopakumar and Devadasan 1983). Most of the samples do not conform 
to the BIS levels of salt (IS : 594. 1962). It is evident from the results of the present study 
that majority of the cured fi sh at the retail level contained inadequate salt levels and high 
moisture levels as reported earlier (George Joseph et al. 1986. 1988; Kalaimani et at. 
1988; Prasad el al. 1994). Kalai mani el al. (1988) reported aw levels of less than 0.80 in 
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30 percent of the cured fish examined from Quilon, Vizhinjam and Tuticorin. In the 
present study nearly 90% of the samples had aw values in the range of 0.71 to 0.80. Wide 
variations were also observed in the aw levels of cured fish examined in the present study. 
A survey of the cured fish sold at the retail markets in Cochin revealed wide 
variation in the salt concentration indicating inadequate control of the brining process in a 
number of products. Recently outbreaks of botulism from Kapchunka (salt-cured, air 
dried uneviscerated white fish) in USA and Israel (CDC 1987; Slater el al. 1989; Telzak 
et al. 1990) and from Faseikh (uneviscerated fish) in Egypt (Weber et al. 1993) have been 
reported which were attributed to poorly controlled salting process. Clostridium 
botulilllllll types Band E were involved in the above outbreaks. 
The predominance of C. bOlulinum types C and 0 in fresh fish has been reported 
from tropical areas (Tanasugam 1979; Haq and Suhadi 1981; Lalitha and Surendran 
1992). C. bOtlllillUIII types C and D are the predominant types in sediment samples from 
Bangladesh, Indonesia, Thailand and India (Huss 1980; Haq and Suhadi 1981; 
Tanasugam 1979; Lalitha and Surendran 1993) and soil samples from Indonesia and 
Thailand (Tanasugam 1979; Hayashi el al. 1981). The finding that types C and D are the 
predominant types in cured fish as shown by the present study is as expected. 
Clostridium botulillum types C and 0 have been reported to cause intoxications 
only in animals (Smith 1990; Hauschild 1993). However, cases of human botulism due 
to types C and 0 have occurred earlier (Roberts and Gibson 1979; Hauschild 1993). 
Sonnabend and Sonnabend (1981) detected C. botulinum type 0 and toxin in patients 
who died unexpectedly with severe respiratory difficulty and dysphagia. Fastidiousness 
of type C in experimental and captive monkeys (Dolman et al. 1961; Barns and Mead 
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1986) and recent infant botulism by type C in Japan (Oguma et al. 1990) indicate a 
potential risk . The possible hazard due to salted fish is highlighted by the incidents of 
botulism associated with it. 
The present study indicates a low incidence of C. botulinum (13%) and 
predominance of type C and 0 in cured fishery products. Clostridium botulinum spores 
remain viable at water activity (aw) level 0.75 and are able to grow and produce toxin 
after rehydration of such foods . The detection of C. botulinum in cured fish indicate 
ei ther post processing contamination or the ability of C. botulillum strains to survive the 
salting process during the manufacture of cured fi sh. Wide variations in the salt 
concentration of cured fishery products indicate inadequate control of the brining process. 
Therefore. the incidence of C. botlliinum in 13 percent of the cured fishery products 
should emphasize the need for adequate brining and drying to protect these products until 
their final use. Proper hygienic conditions in the curing yards are to be encouraged for 
the production of good quality products. 
4.3 Isolation and characterization of Clostridium botulinum 
After incubation for three days at 30o±l oC, colonies producing pearly layer 
surrou ndi ng and covering the colony on TSGY agar were presumptively identified as 
C. botulil/um and they were isolated and inoculated into CMM. The aerobic growth of 
the above isolates was checked by plating on to TSGY A followed by aerobic incubation. 
The isolates were type identified by toxicity test and toxin-neutralisation tests. Type 
cul tu res of C. botulinum types E (NCIB 10660) and 0 (ATCC 27517) were also purified 
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and type identified by toxin neutralization test. Trypsin activation was necessary only for 
type E strain . 
Preheating treatment favoured the isolation of C. botulinum types A, B, C and D. 
Preheating at 80°C for 10 min facilitated the isolation of C. botulinum types C and D 
strains. 
The morphological and biochemical characteristics of the C. botulinum isolates 
were examined using the identification scheme of MacFaddin (1980) and the results were 
summarised in table 15. Morphologically, the vegetative cells of all the isolates and 
reference strains were gram-positive rods but became gram-negative as the culture aged. 
Spores were produced abundantly in CMM. The spores were oval shaped and were 
formed subterminally causing a moderate swelling of the bacilli. Young cultures of all 
the isolates and reference strains showed vigorous motility. 
Cultural characteristics of the C. botulinum isolates and the reference strains were 
generally similar to those reported by Mac Faddin (1980) and Sneath (1986). The cultural 
characteristics of proteolytic C. botulinum types A and B isolated and non-proteolytic 
C. bOIlI/illlllll type E showed some differentiating features. Type E reference strain 
showed negative esculin hydrolysis and hydrogen sulphide production. The most striking 
difference between the two cultures was their ability to attack protein. Clostridium 
bOtll/illl/lIl types A and B isolates attacked cooked meat particles and gelatin. The main 
difference in saccharolytic activity between these two types was the ability of the non-
proteolytic type E strain and the inability of the proteolytic types A and B to produce acid 
and gas from sucrose. Of the 12 strains of C. botulinum types A and B tested all showed 
characteristics typical of types A and B C. botulinum. 
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Isolates of C. botulinum types C and D were different from proteolytic types A 
and B because of acid production from galactose, melibiose, fructose, maltose and 
mannose and very slow digestion of meat particles in CMM and lecithinase production in 
egg yolk agar. Some of the types C and D isolates lost their toxigenic properties during 
transfer in laboratory media. All type C isolates (12112) showed positive reactions for 
galactose, melibiose. fructose, maltose and mannose. But type D type culture strain 
(A TCC 275 17) produced only a weak reaction for melibiose. A total of 15 type D 
cultures were isolated. The characteri stics of type D isolates from sediments and farmed 
fish (D 1530) were generally simi lar to type culture strain . They were different from type 
cultu re strain (ATCC 27517) by virtue of weak galactose fermentation. Type D strain 
isolated from cured fish was different from type culture strain (ATCC 27517) because of 
weak fructose fermentation. All the types C and D strains examined gave positive esculin 
hydrolysis similar to the proteolytic types A and B isolates. 
Biochemical characteristics such as proteolysis, sugar fermentation, lecithinase 
and hydrogen sulphide production of C. botlliinum types. A, B, C and D varied with the 
cultures. Sneath ( 1986) and Willis (1990) grouped proteolytic C. botulinum types A and 
B in Group I and C. botulinulII types C and D in group ill and C. botulinum type E and 
non-proteolytic Band F in Group II based on the cultural characteristics. 
Eklund and Poysky ( 1981) have reported loss of toxigenic characteristics in pure 
cultures of C. botulinulII during culture in laboratory and they suggested that production 
of toxins by C. botulillUIII types C and D is mediated by bacteriophages. Similar loss of 
tox igcnicity was observed in pure cultures of C. botulinulII types C and D during culture 
in laboratory media in the present study. 
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Table 15: Morphological and biochemical characteristics of CLostridium botulinum 
strains isolated from fish and sediment 
Characteristics 
Motility 
Spore 
Lecithinase 
produced 
Lipase produced 
Esculin 
hydrolysed 
Nitrate reduced 
H1S produced 
Toxicity 
Gelatin 
hydrolysed 
Acid production 
from: 
Glucose 
Fructose 
Galactose 
Lactose 
Maltose 
Mannose 
Melibiose 
Raffi nose 
Salicin 
Sucrose 
Milk reaction 
Meat digested 
• - sub terminal 
@ - weak 
d - digestion 
Type A 
strain 
53 A 
+ 
St' 
-
+ 
+ 
-
+ 
+ 
+ 
+ 
-
-
-
(+) 
-
-
-
-
-
d 
+ 
de - digestion and clot 
c - clot 
TypeB 
strain 
90B 
+ 
St 
-
+ 
+ 
-
+ 
+ 
+ 
+ 
(+) 
-
-
+ 
-
-
-
-
-
0 
+ 
TypeC Type 0 strains 
strain 
18 C 21310 26930 025717 
+ + + + 
St St St St 
+ - + + 
+ + + + 
+ + + + 
- - - -
(+)@ + + + 
+ + + + 
+ + + + 
+ + + + 
+ (+) + + 
+ + (+) + 
- - - -
+ + + + 
+ + + + 
+ (+) (+) (+) 
- - - -
- - - -
- - - -
de de de dc 
+ slow + slow + slow + slow 
TypeE 
strain 
E 10660 
+ 
St 
+ 
+ 
-
-
+-
+ 
+ 
+ 
+ 
(+) 
-
+ 
+ 
-
-
-
+ 
e 
-
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Segner et al. (1971 a) reported weak and delayed fermentation of maltose and 
melibiose by marine type C strains. Oguma et al. (1986) found variations in the 
biochemical properties of types C and D strains of C. botulinum. They concluded that 
poor cell growth may lead to false negative results. In the same study, using the marine 
type C strains of Segner et al. (1971 ) they demonstrated fermentation of maltose, 
melibiose. mannose, galactose and fructose and they attributed this discrepancy to a 
difference in procedure. 
All the strains of C. botulinum type C isolated in the present study showed 
characteristics typical of marine type C strains of Oguma et al. (1986). But type D isolates 
showed wide variations in the biochemical properties. 
The present study indicated that morphologically all C. botulinum types were 
similar. Culturally non-proteolytic type E, types C and D strains proteolytic types A and 
B differed considerably. Clostridium botulinum types A and B have been implicated in 
human botulism outbreaks and therefore the isolation of these types from wild and 
farmed fish and shell fish in the retail trade is of great sigljificance from the point of view 
of publ ic health hazards. The mere occurrence of C. botulinum on a food product is not a 
hazard. But what is more important is that viable C. botulinum spores present are given 
the opportunity to germinate and produce toxin. The isolation of C. botulinulII types A 
and B from fish should certainly emphasise the need for adequate processing to prevent 
risk to humans by consumption of such contaminated fishery products. 
4.4 Sensitivity of fish to Clostridium botulinum toxin 
The results of the sensitivity studies of fi sh to C. botulinum toxins A to E are 
summarised in table 16. All five toxin types A to E were toxic to Oreochromis 
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1II0ssalllbiCIIS . 
Shortly before the development of botulism signs, the fish became hypersensitive. 
The first signs of the di sease in fi sh were loss of colour and hyperventillation of the gills 
followed by sluggish, random swimming. Due to muscular paralysis and loss of 
equil ibrium, the fi sh noated on the surface, swimming on their backs and swimming head 
on into the ides of the fi sh tanks. When disturbed, they swam towards deeper water, 
again los ing their equilibrium and occasionally surfacing on their backs, sinking and then 
rising to the surface to resume swimming. Because of the paralysis of the fin muscles , 
they were unable to maintain a horizontal balance and would sink to the bottom tail first. 
This behaviour was repeated until the fish died. After death , the gill covers of the fish 
were seen extended. 
Fish was more sensitive to type E toxin. The minimum Intraperitoneal (IP) lethal 
dose of tox in from pure cultures of type E for fish was one half of the minimum lethal 
dose for mice . For toxin types A, B, C and D, O. mossambicus were considerably more 
resistant than mice. The minimum IP lethal dose of toxin from pure cultures of types A 
and B for fi sh was equal to 100 minimum lethal dose (MLD) for mice whereas that for 
types C and D was equal to 10 MLD for mice. 
Skulberg and Grande ( 1967) reported that type E toxin had the same toxicity to 
Sallllo gairdlleri as it has for mice. In contrast, Eklund el al. (1984) found that the 
mi nimum LP lethal dose of toxin from pure cultures of type E for fish was one half of the 
minimum lethal dose for mice when the fi sh were in the temperature range I to 20°C. 
Similar results were noticed in the present study. Hirolli (1970) also reported sensitivity 
of freshwater fishes to C. bOILllillum type E toxin . Haagsma ( 1975) demonstrated 
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sensitivity of eels and carp to types C and E botulinum toxin . Cann and Taylor (1982) 
reported sensitivity of rainbow trout to type E toxin on intraperitoneal inoculation. 
Table 16: Sensitivity of fish to Clostridium botulinum toxins 
Type of No. of fish Mouse lethal No. of fish Hours prior to 
C. bolll/illUIII inoculated doses inoculated sensitive to toxin botulism 
toxin inoculated (1. P. route) symptoms in fish 
3 1000 3 24-48 h 
Type A 3 100 2 48-96 h 
(53A) 3 10 - -
3 1000 3 24-48 h 
Type B 3 100 2 48-96 h 
(90B) 3 10 - -
TypeC 3 100 2 24-48 h 
(18C) 3 10 I 48-96 h 
Type D 3 100 3 24 h 
(2693D) 3 10 2 48-72 h 
3 1000 3 <18h 
Type E 3 100 3 <l8h 
(NCIB 10660) 3 10 3 <18h 
3 I 3 24-36h 
Skulberg and Grande ( 1967) found that S. gairdneri were considerabl y more 
resistant than mice for toxin types A. B. C and D. In contrast. Crisley ( 1960) suggested 
gold fi sh as an alternative to mice as laboratory animals for toxicity studies of 
C. botll/illUIII type A. The observations made in the present investigation agree with that 
of Skulberg and Grande (1967). Skulberg and Grande (1967) reported that although 
trout are carriers of C. botulillum as a commensal in their intestines and on their gills. 
they are similar to man and many other animals in being susceptible to its performed 
toxin when it is administered either parenterally or orally. 
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The present study revealed that C. botulinum toxin types A to E were toxic to fish. 
For toxin types A to D, fi sh were considerably more resistant than mice and for type E 
toxin. fish was more sensitive. The minimum IP dose of type E toxin for fish was one 
half of the minimum lethal dose for mice. The present study suggests that fish can be a 
good alternati ve to mice as laboratory animals for toxicity studies of only C. botulinum 
type E. The study also indicates that under favourable environment, C. botulinum types 
prevalent in fish farms can multiply and cause infections in the farmed species. 
Therefore, it is suggested that good hygiene should be maintained in fish/shrimp farms to 
keep the contamination at low level. 
4.5 Effect of temperature on the stability of Clostridium botulinum 
toxins 
The botulinum toxins fro m C. botulinum types A, B, C, D and E were diluted in 
gelatin-phosphate buffer (pH6.2) and stored at -I SoC for a period of 180 d and examined 
after 90 d and 180 d for the inactivation of toxin by freezing. The original toxicity was 
mai ntained throughout the storage period (table 17). Types A, B, C, D and E toxins were 
not inactivated by freezing. 
For heat inactivation study, tox ins from C. botulinum types A and D were used. 
The original toxicities of types A and D toxins in the culture supernatant of TYG medium 
were 2000 MLD/ml. When heated at 40°C for a period of 7 d reduced 99% of toxicity of 
type A toxin (table 18). Heating at SO· C over a period upto 30 min reduced 90% of the 
toxicity of type A toxin whereas heating at 6Q°C for a period of 10 min reduced the 
toxicity to 0.1 % (table 19). The rate of thermal inactivation of type A toxin was non-
linear (fig. 10). Toxicity was completely lost at pH 7.0 by heating at 60°C for 30 min, at 
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70°C for 10 min, at 80°C for I min and at 100°C for I min. 
Standing at room temperature for 30 d at pH 6.7 resulted in gradual loss of 
toxicity of type D toxin (table 18). At 37°C, 80% of toxicity was lost after 7 d and 
incubation of toxin at 40°C for 2 d reduced toxicity to <I %. Heating type D toxin at 
50°C for 30 min at pH 6.7 reduced the toxicity to <I % (Table 20) when heated at 60°C 
over a period upto 5 min, reduced 98.7% of the toxicity of type D toxin. The rate of 
thermal inactivati on of type D toxin also was non-linear (fig. 10). After an initial rapid 
inactivation, < I % of the remaining toxin appeared to be more slowly inactivated. Heating 
at 60°C for 10 min inactivated only 99.3% of type D toxin and after 30 min only 99.7% 
toxicity was lost. But heating at 70° for 5 and 10 min and at 80° for 10 min completely 
destroyed the type D toxin. 
The pH of most fi shery products fall in the range 5.0-6.8. Therefore, the thermal 
behaviour of this most heat stable toxins was studied in fish muscle medium (pH 6.7) and 
TYG medium (pH 7.0). When heated at 60°C for 30 min toxicity of type A botulinum 
toxin was completely lost at pH 7.0 whereas in fi sh muscle medium at pH 6.7 and at the 
same original level of toxin, the toxicity was reduced only to 2 MLD/ml after the same 
treatment. 
Table 17: Stabili ty of Clostridium botulinum toxins during freezing 
C. botulillum Initial concentration Storage time (d) Reduction in 
Toxin type of toxin MLD/ml toxicity (%) 
53 A LOx 10" 180 Nil 
90 B 2.0x 10· 180 Nil 
18 C 3.0x102 180 Nil 
2693 D 2.0x 10' 180 Nil 
E 10660 LOx 10' 180 Nil 
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Table 18: Stability of Clostridium botulinum toxin to storage at temperatures 
30°C, 37°C, 40°C 
C. botulinum Initial mouse Temperature Time pH Reduction in 
Toxin type MLD/ml (0C) D toxicity (%) 
53 A 2.0x 10' 40 7 7.0 99.0 
2693 D 2.0X 103 30 30 6.7 80.0 
37 7 6.7 80.0 
40 2 6.7 99.4 
Table 19: Thermal destruction of Clostridium botulinum type A (53A) toxin 
Time and % of reduction in toxicity (initial concentration 2x 103 
MLD/ml) 
Temperature TYG medium (pH 7.0) Fish muscle medium (pH 6.7) 
°C Time Reduction in Time Reduction % 
(min) toxicity (%) (min) 
50 30 90 - -
60 I 80 - -
5 99 - -
\0 99.9 - -
- - 15 99.7 
30 Total 30 99.9 
- - I 99.9 
70 - - 5 total 
10 Total \0 total 
80 I Total I total 
\0 Total 10 total 
100 1 Total 1 total 
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Fig. 10. Thermal inactivation of Clostridium botulinum type A (strain 53 A) 
and type O(strain 26930) toxins at 60'C 
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Table 20: Thermal destruction of Clostridium bOlLliinum type 0 (2693 0 ) toxin 
Time and % of reduction in toxici ty (initi al concentration 2x 103 
MLO/ml) 
Temperature TYG medium (pH 6.7) Fish muscle medium (pH 6.4) 
°C Time Reduction % Time Reduction % 
(min) (min) 
50 30 99.4 - -
60 I 98.0 - -
5 98.7 - -
10 99.3 - -
- - 15 total 
30 99.7 30 total 
70 - - I 99.0 
5 Total 5 total 
10 Total 10 total 
80 I Total I total 
10 Total 10 total 
100 I Total I total 
Stability of botul inum toxins to storage at _15°C (Yao et al. 1973). at -20°C 
(Woolford et al. 1978; Hubalek and Halouzka 1988) and at -70°C (Hubalek and 
Halouzka 1988) have already been reported and reviewed by several investigators 
(Georgala and Hurst 1963; Genigeorgis and Riemann 19~9; ICMSF 1980; Huss 198Ib). 
It has been demonstrated that C. botulinulII type A. B. C, 0 and E toxins are stable at 
- 15°C. The resul ts of the present study confirm and ex tend the earlier finding that 
botulinum toxin is not inactivated by freezing. 
Heating is the only practical means of inacti vating botulinum toxins in foods and 
boiling of foods has been the rule. Heat inactivation studies of botulinum toxins of types 
A and D have demonstrated that after an initial rapid inactivation. <I % of the remaining 
toxin appears to be more slowly inactivated than the major fraction and hence the rate of 
inactivation was non-linear. Similar observations were made earl ier on the heat 
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inactivation rates of type A, Band E (Cartwright and Lauffer 1958; Licciardello el al. 
1967 a. b: Yao el al. 1973; Woolford el al. 1978; Bradshaw el al. 1979). Cartwright and 
Lauffer (1958) interpreted their findings as the result of a dissociation of toxins into two 
entities with different thermal inactivation rates. However. other explanations have also 
come forward . such as aggregation of toxin molecules or of denatured molecules with 
toxin or changes in molecular shape (Woodburn el al. 1979). Cartwright and Lauffer 
(1958) working with type A toxin in buffers found no inactivation at 40°C after 30 min. a 
2 log inactivation at 50°C and a 3 log inactivation at 60°C. Heating at 60°C for 30 min 
reduced 99.9% toxicity at pH 6.9. Prevot and Brygoo (1953) and Woolford el al ( 1978) 
have reported 99.9% reduction in toxicity of type A toxin when heated at 60°C for 2 min 
and 68°C for 15 min respectively. Standing at room temperature at pH 6.2 or 6.8 results 
in a gradual loss of toxicity (Lewis 1981). The results of the present study is in good 
agreement with that of Cartwright and Lauffer (1958) and Lewis (1981). However, the 
minor variations in the thermal destruction of type A toxin noticed in the present study 
may be attributed to the variation in the pH value of the ,substrate and variations in the 
initial concentration of toxins. 
Yao el al. (1973) reported that maximum heat stability of type E toxin was found 
with fresh toxin and on frozen storage for more than a week type E toxin lost its heat 
stability. Contrary to this, Woolford el at. (1978) have shown that the heat inactivation 
rates for type A remained same after frozen storage for a period of 180 d. The effect of 
pH and tox in titre on the heat stability of botulinum toxin were studied by several 
investigators (SCOll and Stewart 1953; Abrahamsson el al. 1966; Licciardello el al. 
1967b: Losikoff 1978: Wool food el al. 1978). Studying the heat inactivation of types A 
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IOxin in convenience foods with various pH values, Woolford el al. (1978) have shown 
that pH is the most important factor in determining heat stability of toxin . Protective 
effect of food constituents on the stabil ity of botulinum toxin have also been reported 
(Scott 1950: Scott and Stewart 1953; Abrahamsson el al. 1966; Licciardello el al. 1967 b: 
Woolford et al. 1978, Bradshaw et al. 1979). Woodburn el al. ( 1979) suggested that 
proteins and possibly other colloidal components in foods may be a factor which lend 
protection to the toxins. The differences in the inactivation times of type A toxin in the 
present study in TYG medium and fish muscle medium when heated at 600 e for 30 min 
may be attributed to the protect i ve effect of fish muscle medium. 
Heating at 600 e for 30 min reduced toxicity of type D toxin in TYG medium (pH 
6.7) only to <I % whereas toxicity of type A toxin was completely lost. The initial 
concentration of both toxins were same. In fish muscle medium toxicity of type D toxin 
was reduced to I % when heated at 700 e for I min whereas toxicity of type A was 
reduced to 0. 1 %. The data indicates that thermal resistance of type D tox in is slightly 
higher than that of type A. However, heating at 800 e fOl: I min inactivated both toxins 
completel y. Similar observations were reported earlier. 
Prevot and Brygoo (1953) have shown that thermal resistance of C. botulinum 
types e and D toxin is higher than that of types A, BorE. They found that a temperature 
of 900 e for 2 min must be reached to destroy type e and D toxin. Hubalek and Halouzka 
( 1988) studying the thermal sensitivity of C. bOlulinum type e toxin , have shown that for 
99% reduction of toxici ty time required was 6 months at +5°e , 3 weeks at +200 e, 2 
weeks at+28°C, 2 d at +37"e , 9 h at +42°e, less than 30 min at +56°e, less than 20 min 
at +600 e and below 5 min at +80°C. Woodburn el al. (1979) have recommended heating 
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85°C for 5 min as the minimum heat treatment for inactivation of botulinum toxin. The 
results of the present study on type 0 toxin is in good agreement with that of Hubalek 
and Halouzka (1988) but contrary to the observations of Prevot and Brygoo (1953). The 
differences in these results may be attributed to the differences in the initial toxin 
concentration i.e. 20x lO' MLO/ml Versus 8.0xI04_lxI01 MLO/ml. As Scott and Stewart 
(1950) have pointed out, toxins at high titre require more heat for inactivation than toxins 
at a low titre. 
The present study revealed that freezing or subsequent frozen storage and thawing 
caused no destruction of type A, B, C, 0 and E toxins. Of greatest concern is the stability 
of preformed toxin in fish products which are consumed without prior heating. The 
biochemical changes in some fish products and animal feed do not influence toxicity 
during freezing or frozen storage. To reduce the botulism hazard, it is very important to 
keep the fi sh raw material chilled to near zero at all times thereby preventing formation of 
toxin in the final product. Standing at room temperature at pH 7.0 resulted in a gradual 
loss of toxicity of type 0 toxin. Prolonged incubation ofe. botulinum cultures at 37°C or 
40°C also resulted in a gradual loss of toxicity. Heating at 80°C for 10 min inactivated 
the toxin of types A and D to no detectable toxin. The results of the present study also 
indicates that measures to control type A toxin should also control type D toxin. 
4.6 Growth characteristics of Clostridium botulinum 
4.6.1 Influence of temperature 
4.6.1.1 Influence of temperature on growth and toxin pvoe/uc/,on 
by Clostridium botulinum 
The influence of temperature on growth and toxin production by 
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C. "OIII/illlllll type A to D isolated from fish and sediments and by reference strains were 
studied and the data are summarised in table 21. Growth and toxin production occurred 
at 30°C with in 24h in CMM tubes inoculated with C. bOlulinum type A and B isolates 
from fish and reference strains of type A (NCIB 10640), type B (NCIB 10657) and type E 
(NCLB 10660). With the exception of one, all type C and D isolates from fish and 
sediment and type D reference strain (ATCC 27517) developed toxin in CMM tubes after 
24h at 30°C. 
The growth and toxin production by C. bOlulinum type A and B isolates were 
delayed for a period of 7-8 d and that of reference strai ns were delayed for a period of 
6-7 d at 15°C. Type E reference strain (NCIB 10660) grew and produced toxin within 
3 d at 15°C. Growth and tox in production by type C and D strains were delayed for a 
period of 7-9 d at 15°C. The outgrowth times were substantially shorter at 30°C. 
At lOoC only type E could grew and produced toxin. The growth and toxin 
production was further delayed for a period of 8 d. Neither growth nor toxin production 
could be noticed at lOoC and below by C. bOlulinum types A to D isolates and the 
reference strains. At 4°C growth and toxin production were noticed in type E reference 
strain inoculated tubes after 35 d. A delay in outgrowth time occurred with the lowering 
of incubation temperature. 
The limiting temperature for growth and toxin production by C. bOlulinulII type A 
and B isolates was 15°C and the delay in growth for a period of 6-8 d observed in thi s 
study were reported earlier. Smelt and Haas (1978) studied the behaviour of proteolytic 
C. bOIl//ilil/111 type A and B near the lower temperature limits of growth and found that 
growth and toxin production occurred within a week at 15°C. Some of the strains could 
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grow in 3-4 weeks at 12°C but none could grow at 10°C. Lynt el al. (1982) has 
reviewed the growth at low temperatures of proteolytic and non-proteolytic strains of C. 
bUII/IiI/I/III . Solomon el al. (1982) studied the ability of proteolytic C. bOlulinum type B 
and F to grow at low temperatures in broth and crab meat. They have reported that type 
Band F grew and produced toxin in broth at 26°C and 12°C but not at 8°C and 4°C. 
However, growth was observed at 12°C after 100 d. Jensen el al. (1987) noticed 
negligible growth of type A strains at 12°C after 28 d of incubation. No growth occurred 
for strain A 69 at 8°C and 4°C. Sperber (1982), Gaze (1992), Eklund (1993) and Lund 
and Peck (1994) have reviewed the influence of temperature on the growth of C. 
h011l1i 1/1/ III . 
Table 2 I : Influence of temperature on growth and toxin production by 
Closlridil/m bolulil/um 
Growth and toxin production (d) 
C. hlill/lilll/III strains No. of spores (range in parenthesis) 
Inoculated 30°C 15°C 10°C 4°C 
Type A- 53 A I.J x 10' I 6 (6-7) - -
- NClB 10640 2.7 x 10" I 6 (5-6) - -
Type B - 9 B 3.2 X 10" I 8 (7-8) - -
- NClB 10657 1.5 x 10' I 6 (6-8) - -
TypeC - 18C 3.0 x 10" 2 8 (7-9) - -
- 275 V 6.0 x 10' 2 8 (8-9) - -
TypeD - ATCC27517 LOx 10· 2 8 (8-9) - -
- 2693 D 5.0 x 10' 2 7 (7-9) - -
- 2J3 IV 3.0 x 107 I 8 (8-9) - -
Type E - NCiB 10660 LOx 10' 1 3 (3-5) 8 (8-10) 35 
(34-38) 
The limiting temperature for growth and toxin production by type E reference 
strain was 4°C in the present study. It was reported earlier that type E could grow and 
produce toxin at 3.3°C, 4°C and 5°C (Ohye and Scott 1957; Schmidt el at. 1961 ; Roberts 
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and Hobbs 1968; Solomon el al. 1977; leMSF 1980). Lynt et al. (1982) found that type 
E grew within 52 d at 4°e in broth. 
The limiting temperature for C. botulinum type e and D isolates and the type D 
reference strain was found to be 15°C. Segner et al. (1971 b) studied the minimal growth 
temperature of marine strains of C. botulinum type e and found that 15 .6°e was the 
li miting te mperature for growth in FEM medium and in ground haddock. They have 
indicated that the minimal temperature for growth of C. botulinum type e is very near to 
that accepted as limiting for growth of type A and proteolytic type B as observed in thi s 
study. The present investigation revealed that type D isolates and the reference strain 
behaved similar to type e isolates. Informations on the growth characteristics of type D 
are scant y. 
The lag phase for type A and B isolates increased with the lowering of storage 
temperature from < 24h at 300 e to almost 7 d at 15°C. The effect of temperature on lag 
phase duration and rate of growth of C. botulinum type A, B and E were evaluated by 
Ohye and Scotl (1953, 1957). They have observed a lag {ime of 8 h at 300 e and 7 d at 
15°C. Jensen et al (1987) observed growth of C. botulinum type A strains after 5 d at 
16°C. The results of the present study agreed well with that of Ohye and Scott (1953 , 
1957 ) and Jensen el al ( 1987 ). 
The lag phase for type E reference strain increased with the lowering of storage 
temperature from < I d at 30°C to 3 d at I SoC and to more than 8 d at I DOC and to 35 d at 
4°C. Similar observations were reported earlier. Schmidt et al. (1961) found that type E 
grew and produced toxin in beef stew within 36 d at 3.3°C. Eklund et al. (1967 a) had 
shown that increasing lengths of time were required for non-proteolytic C. botulinum type 
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B to produce toxin when the temperature was decreased and decreasing the inoculum 
level by I log increased the length of incubation required for growth and toxin 
production . Jensen et al. (1987) reported initiation of growth of type E C. botuLinum at 
20°C after 2 d. at 16° after 3-S d, at 12°C after 6-8 d and at 8°C 11 -14 d. The data 
reported by Jensen et al. (1987) correlated well with the data of the present investigation. 
The lag time of C. botulillum type C and D isolates and the type D reference strain 
also increased with the lowering of storage temperature simi lar to type A, Band E. It 
increased from 2 d at 30°C to 7-8 d at IS°C. Segner et al. (197 1 b) reported growth of 
marine type C strain at IS .6°C in FEM medium within 7-9 d and in ground haddock 
at IS.6°C within S-6 d. Similar resul ts were observed in the present study also. The 
behaviour of C. botulillum type D isolates and the type D reference strain was similar to 
type C isolates. Wide strain variation with respect to size of inoculum needed to initiate 
growlh al various temperatures has been reported for C. botulinum (Ohye and Scott 19S3, 
Jensen et al. 1987). 
The present investigation has shown that the Limiting temperature permitting 
growth and toxin production by C. botulinum types A to D was ISoC and that of type E 
was 4°C. Growth and toxin production by C. botuLinum is greatly influenced by the 
storage temperature. The minimal temperature for growth of C. botulinum types C and D 
is very near to the limiting temperature for growth of types A and B. Hence C. bollllillUm 
types C and D appears to pose no addi tional problems to the fish processing industry. 
Only slow growth will occur when C. botulinum type A and B contaminated products are 
kept at mild abuse temperature (IS°C) and no growth at chi lled storage. Only 
C. bOlulillUIll type E could initiate growth and toxin production at chi lled storage. If 
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temperature abuse occurs, growth will be more rapid and this could also allow proteolytic 
strains of C. botulillwlI to grow. It is therefore necessary to include other safety factors in 
processed fi shery products in addition to temperature to ensure that C. botulinum is 
inhibited and toxin formation cannot occur. 
4.6.1.2 Effect of temperature and substrate on toxin production by 
ClostridiulII botulillulII 
Growth of C. botulinum type B and appearance of toxin in the culture fluid were 
examined over a time course of 96h. Growth was measured by plating the culture flu id in 
TSGY A and incubating in Gaspak jar. Maximum growth was obtained in 24h (Fig. I I ). 
After 24h incubation at 37°C, which approximately marked the beginning of the 
stationary growth phase, the toxin titre of the culture filtrate was 8000 MLD/ml. Between 
24h and 48h the culture lysed and after 48h the growth was resumed followed by a long 
stationary phase. When autolysis became significant, the toxin titres rose sharply and 
reached a maximum of l.Ox 105 MLD/ml after 72h It has been demonstrated that the 
toxicity of a 24h culture represented approximately 10% of the toxin found in filtrates of 
cultures 72h older. Comparison of the pH levels of control medium and the supernatant 
fluid of growing cultures showed that pH declined to a minimum of 5.5 and did not 
increase from this value during the 96h time period. 
The amount of toxin in the culture fluid rose steadily during the first 72 h. 
Continued incubation for upto 96h did not further increase the toxin concentration. As 
shown in fi g. II , the toxin concentration in the culture fluid decreased with time after 72h 
When the growth and toxin curves were examined together, it is evident that the 
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maximum concenlration of toxin was attained after lysis of the cells had occurred 
(fig . II ). 
The effect of temperature on growth and toxin production was also examined. 
Growth occurred at all temperatures tested. But 37°C was apparently optimal (fig. 12A). 
The opt imum temperature for toxin production was also found to be 37°C with maximum 
toxin concentrations being attained in 72h (fig. 12B). 
The effect of substrate on growth and toxin production was examined at two 
incubation temperatures, 30°C and 37°C. The results are presented in fig. 13 & 14. 
Growth occurred in all the substrates tested. Maximum growth occurred in CMM at 
37°C. Similarly, max imum toxin production was also noticed in CMM at 37°C followed 
by TPGYB and TSGYB. Variation in toxin production was also noticed. However, the 
overall pattern of growth and toxin production obtained with three media were essentially 
the same. 
The relationship between bacterial growth and toxin production and conditions 
optimum for tox in production by C. botulinum were worked out earlier in static cultures 
(Bonventre and Kempe 1960) and later in fermenter system with control of temperature, 
pH. redox potential and rate of agitation and sparging (Siegel and Metzger 1979, 1980; 
Siegel 198 1). Bonventre and Kempe (1960) attempted to correlate the kinetics of cell 
multiplication and subsequent autolysis with the appearance of toxin in the extracellular 
environment. They found a maximum toxin production of 104 MLD/ml in Trypticase 
yeast extract glucose medium (TYG) after 72h by C. botulinum type B in static cultures. 
Incubation times from 2 to 3 days upto 10 days were reported necessary to obtain 
comparable yields of type B toxin in static cultures (Siegel 1981 ). 
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Siegel and Metzger (1980) obtained high yields of C. botulinum type B toxin 
(4.0x 105 - S.Ox 105 MLD/ml) at 35°C within 48h using a fermenter system. In the same 
study, he found okra strain of type B produced 1.0x 106 - 2x 106 MLD/ml toxin in 30h. 
The results of the present study agree well with that of Bonventre and Kempe (1960) in 
that in static cultures, maximum toxin production was noticed after 72h and maximum 
toxin production in TYG medium was 104 MLD/ml.Toxin production by C. botulinum 
type B varied in the present study depending upon the substrate used. Maximum toxin 
production occurred in CMM and 1.0x 105 MLD/ml toxin was produced whereas in 
TSGYB and TPGYB, maximum toxin produced was 4.0x104 and Sx104 MLD/ml 
respectively. Similar observations were reported earlier (Siegel and Metzger 1979). 
Toxin titres of C. botulinum type B were not increased by continued incubation 
but it declined with time after 72h in the present study. Siegel and Metzger (1980) also 
reported that continued incubation for upto 96h did not further increase the toxin 
concentration of type B C. botulinum in a fermenter system but it declined after 72 h. 
Siegel and Metzger (1980) reported 35°C as the optimum temperature for toxin 
production by C. botulinum type B. The results of the present study also showed 37°C as 
the optimum temperature for toxin production. 
The present investigation revealed that (I) temperature and substrate influence 
toxin production by C. botulillum type B, (2) 37°C is the optimum temperature for growth 
and toxin production by C. botulinum type B with maximum toxin concentrations being 
altai ned in 72h. 
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4.6.2 Influence of pH 
The growth and toxin production by C. botulinum were influenced by the pH of 
the substrate (Table 22). When spores of C. botulinum were inoculated into eM medium 
type A and B isolates initiated growth and formed toxin over the pH range of 5.0-7.0 
within 1-5 d. At pH 4.8, only type A isolates initiated growth and toxin formation within 
12-24 d. C. botulinum type e isolates readily grew and produced toxin over the pH range 
of 5.4-7.0 within 1-5 d. At pH 5.2, growth and toxin production by C. botulinum type e 
isolates were delayed for a period of 13-26 d. Growth and toxigenesis of all C. botulinum 
type D isolates and the reference strain were noticed over the pH range 5.2-7.0 whereas at 
pH 5.0, only the reference strain and one isolate grew and developed toxin. However, 
growth and toxin production were delayed for a period of 16-17 d. Clostridium 
botl/lilll/III type E reference strain grew and developed toxin over the pH range of 5.4-7 .0 
within a period of 1-7 d. 
The limiting pH permitting growth and toxin production by C. botulinum type A 
i~olates was 4.8 whereas that of type B was 5.0. It had als? been shown that pH 5.0 was 
the limiting pH permitting growth and toxigenesis by one type D isolate and the type D 
reference strain. Thc limiting pH permitting growth and toxin production by all type e 
isolates and one type D isolate was pH 5.2 whereas that of type E reference strain was 
pH 5.4. 
It is generally considered that C. botulinum will not grow and produce toxin in 
foods at pH 4.6 or below (Ohye and Christian 1967; Ito and Chen 1978; Odlaug and Pflug 
1978). Contradictory reports concerning the initiation of growth and toxin production by 
C. bOlUlillUIll types A, Band E at or below pH 4.6 were made by Raatjes and Smelt 
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(1979), Odlaug and Pflug (1979), Smelt e/ al. (1982), Montville (1982), Tanaka (1982), 
Tsang el al. (1985), Young Perkins and Merson (1987) and Dodds (1989). Growth of 
C. bolulillum at pH values 4.6 or below has usually been explained by sufficiently 
anaerobic growth medium, rise in pH brought about by the growth of other organisms 
such as bacteria, yeasts or molds, high concentration of proteins in the medium or the 
acidulants used. Some studies have shown that limiting pH may be higher when other 
conditions are suboptimal (Segner el at. 1966; Lund el al. 1985; Graham and Lund 1987). 
The results of the present investigation showed that spores of C. bOlulinum type A 
isolates survived at acid pH and growth and toxin production occurred at pH 4.8 whereas 
Iype B was inhibited at pH 4.8. The limiting pH permitting growth and toxin production 
by type A was higher than that reported in the earlier investigations. This variation in the 
limiting pH reported in the present study may be attributed to the variation in the 
substrates used, the variability in acid tolerance exhibited by different strains of 
C. bolulillum and the anaerobic conditions in the growth .medium as shown by the 
previous studies. (Huhtanen el al. 1976; Ito and Chen 1978; Smelt el at. 1982 and Tsang 
el al. 1985; Young Perkins and Merson 1987). The limiting pH, permitting growth and 
toxin production by C. bOlulinum type B, reported in the present study agrees well with 
that reported earlier (Baird-Parker and Freame 1967; Ito and Chen 1978; Odlaug and 
Pflug 1979 and Smelt el at. 1982). However, growth and toxin production by 
C. bolulillum type B in the pH range 4.77-4.91 have been reported earlier (Lund el at. 
1985). Tanaka (1982) reported growth of strains of C. bOlulinum type A and B at pH 
values of 4.24 to 4.4. 
Table 22: Influence of pH on growth and toxin production by Clostridium botulinulIl 
C. botulinum outgrowth time in d (range in parenthesis) 
pH of the 53A 13 1A 90B ISC 275C 2693D ATCC 2 131 D NCIB 10660 
substrate 27517 
(CMM) 3.4x 10· 2.0x I0· 3.2x 10· 3. lx I0· 6.0x 10' 1.0x 10· 7.6x 107 6.0x 10· 4.2x 10· 
spores spores spores spores spores spores spores spores spores 
7.0 I I 1 2 2 2 2 1 I 
6.0 2 2 2 2 4(3-5) 7(4-8) 2(2-3) 2 3(3-5) 
-
5.S 5(4-7) 4(3-8) 2(2-4) 2(2-5) 6(5-9) 7(5-9) 2(2-5) 5(4-8) 4(3-6) '" 
5.6 5(4-9) 4(3-7) 5(4-9) 5(4-9) 6(5-9) 7(6-9) 5(4-9) 5(4-9) 5(4-9) 
5.4 5(4-9) 4(3-8) 5(4-9) 5(4-9) 6(5-10) 8(6- 10) 5(4-9) 5(4-9) 8)6- 12) 
5.2 5(4-9) 4(3-8) 5(4-9) 13(11-16) 26 8(6- 12) 5(4-9) 5(4-9) -
5.0 5(4-10) 8(6-10) 5(4-9) - - - 17(16-21) 16( 15-24) -
4.8 24(21 -29) 12( 11 - 19) - . - - - - - -
4.6 - - - - - - - - -
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Segner et at. (1966) found the minimum pH suppo~ing growth of type E 
in a variety of culture media to be in the range of 5.24-5.36 whereas Dolman and !ida 
(1963) and Tsang et al. (1985) had shown growth and toxin production by C. botulinum 
type E in the pH range 4.0-4.3. The limiting pH permilling growth and toxin production 
by type E reference strain was 5.4 in the present study. The results showed good 
agreement with that of Segner et al. (1966). The variation in the limiting pH observed in 
the present tudy may be attributed to the variation in the substrate and the bacterial strain 
in volved and the strict anaerobic conditions used as shown by Ito and Chen (1979), Smelt 
et al. (1982) and Tsang et at. ( 1985). 
It has been shown that the limiting pH, permilling growth and toxin production by 
marine strains of C. botlllinllm type C was 5.1 (Segner et at. 1971 b). One strain 
however, showed a limiting pH of 5.25. Variability to acid tolerance has been reported for 
strains of C. botulinum. Huhtanen et at. (1976), Ito and Chen (1978). Emodi and 
Lechowich (1969 a) showed minor variations in acid tolerance among type E strains. 
Similar variation in acid tolerance is exhibited by C. botulillum type C and D strains in 
the present study. The variations in the limiting pH among strains of type D may be 
attributed to the different rates of germination in suboptimal condition by C. botulillum 
spore crops. Lund et al. (1990) have stated that different spore crops of the same strain of 
C. botulilllllll can show dissimilar properties in particular different rates of germination in 
sub optimal condition. The limiting pH permitting growth and toxin production by 
C. bOllllillll1ll type C and D isolates, in general was in the pH range 5.0-5.2. The results of 
the present study agree well with that of Segner et al. (1971 b). Data on the limiting pH of 
C. bOllllillll1ll type D is very limited. Because the properties of type C strains are, in 
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general , similar to those of type D and both are grouped together in Group ill by Sneath 
( 1986). it is to be expected that the limiting pH permitting the growth and toxin 
production by type D is very near to that accepted as limiting for growth of type C strains. 
It has been demonstrated in the present investigation that inhibition of 
C. botulil1um increases as the pH decreases from 7.0-4.6. A decrease in pH from pH 7.0 
to pH 4.8 resulted in progressively longer delays before growth and toxin production. At 
4.8, the growth toxin production by C. botulinum type A was delayed for a period of 12-
24 d. Several earlier investigations had also shown the influence of pH on the inhibition 
of C. bOlulinum (Baird Parker and Freame 1967; Ohye and Christian 1967; Sperber 
1982; Dodds 1989). Lund et al. ( 1987) have reported that a decrease in pH below 4.9 
resulted in a marked decrease in the probability of growth of vegetative cells of 
C. boIl/lillI/III . Dodds (1989) reported growth and toxin production by C. botulinum type 
A at pH value 4.83 and a", 0.977 within 35 d. There are several published reports of 
growth at a pH below 5.0 within 14 d or less from spores of C. bOlulinum (Tanaka 1982). 
Similarly, it was shown in the present investigation that a decrease in pH below 5.4 and 
5.2 resulted in progressively longer delay before growth and toxin production by 
C. bOll/lilllUll type C and D isolates. Time intervals for growth and toxin production by 
C. bolulillUIII type A over the pH range 4 .8-7.0 were generally similar to that by type B. 
Similarly time intervals for growth and toxin production by C. bOlulinum type C were 
generally similar to that by type 0 in the present study. Baird-Parker and Freame (1967) 
have shown growth and toxin production by C. botulinum type A and B at 30°C and 
pH 5.3 within 5 d. This may be attributed to the cultural similarities of these two strains. 
The results of the present study revealed that C. bOlulinum type A and proteolytic 
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strains of type B are potentially capable of growing in culture media at pH values between 
4.8-5 .0 whereas type C, D and E strains are potentially able to grow at pH values between 
5.0-5.4 in a period of few weeks. Outbreaks of botulism involving acidified products 
were reported in the past (McClure et al. 1994, Hauschild 1993). Therefore, the potential 
for growth and toxin production by C. botulinum in acidified conditions must now be 
recognized. 
The present study showed the limiting pH permitting growth and toxin production 
by C. bOlulil/um type A to be 4.8, type B to be 5.0, type C and D to be 5.0-5.2 and type E 
to be 5.4. Minor vari ations in acid tolerance was noticed among strains of C. bOlulinum 
types C and D. Inhibition of growth of C. botulinum increased as the pH decreased from 
7.0-4.6. The study shows that growth and toxin production by C. botulinum types A and 
B are not prevented at acid pH. Therefore, it is suggested that other safety factor should 
be included in addition to acidification to prevent growth and toxin production by 
C. botulinum in processed fishery products. An understanding of the mechanism by 
which an acidulant exerts its inhibitory effect either alone or in combination on 
C. bOllllil/lIIl/ is of great importance in establishing hazards associated with consumption 
of acid foods. 
4.6.3 Influence of water activity (aw) 
The effect of decreasing water activity (aw) through variation in sodium chloride 
concentration on growth and toxin production in CMM at pH 7.0 was shown in table 23. 
Addi tion of salt decreased the water activity from 0.985 (control) to 0.9 19 for medium 
containing 12% salt. The addition of salt and reduction in aw of the medium had a 
significant effect on growth and toxin production by C. botulinum. In control (aw 0.985) 
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medium, toxin was detecled within 1-2 d by all strains of C. botulinum tested. 
At 30· e , medium contain ing 3% sodium chloride (aw 0.976) became toxic within 
2 to 5 d when inoculated with C. bOlLllinum type A and B isolates and the reference 
strains whereas type e and D isolates and type D and E reference strains grew and 
produced toxin within 2-3 d. However, at 4% salt concentration (aw 0.972) growth and 
toxin production by type E reference strain was prevented while only a progressive delay 
in toxin production was noticed by all the other strains of C. botulinum. 
Growth and toxin production by one isolate each of type e and D were prevented 
when the sal t concentration was increased to 5% (aw 0.97) while others grew and 
produced toxin within 5-8 d. However, at salt concentrations greater than 5%, growth and 
toxin production was not detected in any tubes inoculated with C. botulinum type e, D 
and E throughout the 35 day of storage. Sodium chloride at concentration 6% (aw 0.962) 
delayed growth and toxin production of C. botulinum type A and B isolates and the 
reference strains for a period of 6-9 d. C. botulinum types A and B isolates and the 
reference strains initiated growth and toxin production when the salt concentration was 
increased to 8% (aw 0.952). But a progressive delay in toxin production was observed for 
a period of 11-13 d. 
At salt concentrations greater than 8%, i.e. 10% and 12%, toxin was not detected 
throughout 35 day of storage at 30· e. The decrease in aw obtained by adding salt delayed 
toxin production at higher salt levels. 
The minimum aw permitting growth and toxin production by type E reference 
strain was 0.976, for type C and D it was 0.97 and for type A and B it was 0.952 in the 
present study. These values corresponded to sodium chloride concentration of 3%, 5% 
and 8% respectively. 
Table 23 : Innuence of water activity on growth and toxin production by Clostridium botulinulIl 
Clostridium botulinum outgrowth time in da s (range is shown in parenthesis) 
% Type A Type B 
aw Sodium 53A 13 1A NCm 9B NCm 18C 275C 213 10 26930 
va lue chloride 10640 10657 
w/w 
3.4x 10' 8.5x 10' 2.7x 10° 3.2x 10' 1.5x 10' 3. lx lOo 3.0x 10 ' 3.0x 10' J.l x lO' 
0.985 0 I I I I I I I 2 I 
0.976 3 2 4 2 2 5(3-6) 2 2 3 3 
0.974 4 6(5-8) 4(3-6) 5(3-6) 6(3-7) 8.6-9) 6(3-7) 4 4 6(3-7) 
0.97 5 6(7-8) 6(4-7) 5(4-7) 6(3-7) 8(6-9) 6(3-7) - - 6(3-7) 
0.962 6 8(7- 10) 8(7-9) 6(5-8) 8(6-9) 9(8- 11 ) - - - -
0.952 8 13 12 12 13 13 - - - -
(1 1- 14) ( 11 -13) ( 11 -14) ( II - IS) (I I-I S) 
0.936 10 - - - - - - - - -
0.919 12 - - - - - - - - -
Type 0 
ATCC 
275 17 
1.7x 10' 
2 
3 
6(3-7) 
8(6-9) 
-
-
-
-
TypeE 
NCm 
10660 
9.0x 10' 
I 
3 
-
-
-
-
-
-
N 
<:> 
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The effects of sodium chloride on growth of C. botulinum have received 
considerable attention in the past. In general , studies conducted over the last fifty years 
indicate that when all other conditions are favourable in the substrate, 5% sodium 
chloride is required for prevention of growth and toxin production of non-proteolytic 
strains and 10% fo r proteolytic strains and these salt concentrations correspond to aw 0.97 
and 0.94 respectively (Sperber 1982; McClure et al. 1994). The results of the present 
study indicated that C. botulinulII type E possesses a level of salt tolerance considerably 
below that recognized for type A and B as shown in the previous studies. 
At salt concentrat ions greater than 8%, neither growth nor toxin production by 
types A and B were noticed in the present study. In a review on the differences and 
simi larities of proteolytic and non-proteolytic C. botulinum strains, Lynt et al. (1982) 
stated that at salt concentrations of 8.6- 10.5%, growth of C. botulinum types A and B was 
prevellled. Similarly Scott (1957) has shown that 8% sodium chloride permitted growth 
of C. botlllillUIIl whereas levels above this inhibited growth. Similar results were noticed 
in the present study. In contrast, Ohye and Christi an (J 967) reported that 9.4% sodium 
chloride concentration permitted growth of C. botulinum types A and B. The minimum 
aw permitting growth of C. botulillum has been shown to be influenced by incubation 
temperature, strains tested, solute type etc. by many investigators (Baird-Parker and 
Freame 1967: Emodi and Lechowich 1969b; Segner et al. 1966; Mc Clure et al. 1994). 
The difference in the minimum aw values for growth of C. botulinum types A and B as 
observed in the present study may be attributed to the variations in the strains and the 
122 
variation in the germination rates of different spore crops of the same strains under sub 
optimal conditions. 
Many investigations have been made to determine the effect of water activity and 
sodium chloride concentration on the growth and toxigenesis of C. botulinum (Scott 
1957; Baird-Parker and Freame 1967; Ohye and Christian 1967; Marshall et al. 1971) and 
several reviews have been published (Sperber 1982; Gaze 1992; Mc Clure et al. 1994). 
Scott (1957) had shown the minimum aw permitting growth of proteolytic strains of 
C. bOIl/lillI/III to be 0.95 whereas Ohye and Christian (1967) have shown it to be 0.94. 
The results of the present study agrees with that of Scott (1957) in that 0.952 was the 
limiting water activity permitting growth of proteolytic strains of C. botulinum type A 
and B. The present finding that 0.936 prevented growth and toxin production by 
proteolytic strains of C. botulinum is consistent with that of Ohye and Christian (1967). 
Certain strains of type E failed to grow in 4.5% sodium chloride whereas others 
were able to tolerate 4.8% sodium chloride (Segner et al. 1966; Baird-Parker and Freame 
1967; Ohye and Christian 1967; Emodi and Lechowich 1969b; Roberts and Ingram 
1973). Segner et al. (1966) and Emodi and Lechowich (1969b) used high inoculum of 
type E spores in their studies .. Emodi and Lechowich (1969b) reported variation among 
type E strains in salt tolerance. Mc Clure et al. (1994) have indicated that strains tested 
and incubation temperature have influence on the sodium chloride concentration required 
to inhibit growth. The growth and toxin production by type E were prevented at 4% 
sodium chloride concentration in the present study. The variation in the result may be 
attributed to the variation in strain and in the rate of germination of spores. Variation in 
the rate of germination of spores of different spore crops of the same strain under sub 
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oplimal conditions has already been reported (Roberts and Thomas 1982; Lund et al. 
1990). The inoculum used in the present study is very low compared to the above 
studies. Therefore, the number of spores germinating in high salt concentration will also 
be low. 
Emodi and Lechowich (1969b) found the minimum aw permitting the growth of 
type E to range from 0.972 to 0.978 in a wide variety of solutes. The minimum aw value 
for growth of type E in the present study falls within this range. It has also been 
demonstrated in this study that type E is much more sensitive to salt than type A and B as 
shown in the previous studies (Segner et (I/. 1966). 
Segner et al. (1971 b) investigated the sodium chloride sensitivity of marine 
strains of C. botulinum type C. They found that marine strains were tolerant to 2% 
sodium chloride and one strain grew in 2.5% salt. They have also shown variation among 
strains in salt tolerance. Similar variations in salt tolerance among type C and D strains 
were observed in the present study. Contrary to the above findings of Segner et al. (1971 
b) all type C isolates in the present study showed tolerance upto 4% salt and one isolate 
showed tolerance upto 5% (aw 0.97). Similarly type D reference strain and one type D 
isolate also grew and produced toxin in 5% salt while others showed tolerance upto 4% 
only. There appear to be no published data on the salt inhibition of type D spores. 
Because C. botulinum type D strains are culturally similar to type C strains and they are 
grouped together (Sneath 1986), the minimum aw permitting growth of type C may also 
permit growth of type D isolates as shown in the present study. 
The present study revealed that the minimum water activities permitting growth of 
C. botulillum type A and B spores types C and D spores and type E spores in sodium 
-
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chloride cOnlaining media were found to be 0.952, 0.97 andctl.976 respectively. These 
values corresponded to sodium chloride concentrations of 8%, 5% and 3% respectively. 
Variations in salt tolerance were observed among type e and D strains. C. botulinum 
type E possessed a level of salt tolerance considerably below that recognized for types A 
and B. The study indicates that salt exert antibotulinal effects, resulting in inhibition of 
growth and tox in production of C. botulinum spores. The study points out that 10% 
sodium chloride is adequate for complete botulism control. lncreasing the salt 
concentration of fishery product to such a level would minimise their acceptance by 
consumer. Therefore, the possibility of using salt concentrations considerably lower than 
10% must be explored by combining other factors such as pH, temperature etc . to exhibit 
sufficienl inhibitory activity against botulinal growth. 
4.6.4 Effect of gaseous atmosphere 
4.6.4.1 Growth and toxin production of Clostridium botulinum in 
mullet tissue homogenate stored under vacuum 
All the inoculated mullet tissue homogenate held at 300 e under vacuum 
became toxic within 2 d (table 24). Storage of inocu lated samples at moderate abuse 
temperature (15°C) progressively delayed toxin production for a period of 5 d and toxin 
was detected on 6'h day in packs inoculated with C. botulinum types A and B strains and 
on 8'h day in packs inoculated with types e and D. The reduction in storage temperature 
to 15°C inhibited toxin production by C. botulinum type E upto 2 d. Neither growth nor 
toxin production was noticed in the control pack. 
Lowering the storage temperature of the inoculated packs to lODe inhibited 
outgrowth and toxigenesis of all types of C. botulinum except type E. Storage of 
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inoculated vacuum packed samples at 10°C delayed growth and toxin production of type 
E upto S d. Storage at refrigeration temperature (4°C) completely inhibited toxin 
production by types A, B, e and D. Following the transfer of packs from 4° and 10°C to 
30°C after 40 d storage, growth and formation of toxin occurred within S d. Type E was 
capable of growth at 4°e. Outgrowth and toxin production was observed on 2SIh day in 
mullet ti ssue homogenate stored at 4°C under vacuum. 
The amount of toxin produced in mullet-tissue homogenate inoculated with 
C. botlllillllllltype A to E at 4°C to 30°C was shown in fig. IS. Toxin was detected in the 
inoculated packs stored at 30°C on the first day. The toxin titres were I()()()(), SOOO, 60, 
SO and 1000 MLDIIOg for C. botulinum types A, B, e, D and E respectively. During 
storage at ISoe , toxin was not detected in any sample during the first two d. On day 3, 
tox in titres were 100 MLDII Og in types E inoculated packs and on day 6, toxin titres were 
100 MLDII Og in types A and B inoculated packs and on day S, toxin titres were S 
MLDIIOg in type e inoculated packs and 6 MLDIIOg and SMLDIIOg in type D 
inoculated packs. Toxin was not detected in any packs upto 7 d during storage at 100 e. 
On day S, toxin titres of SO MLD/IOg was noticed in packs inoculated with type E. At 
10°C neither growth nor toxin production was noticed in packs inoculated with types A, 
B, e and D. Toxin developed after 27 d in mullet tissue homogenate inoculated with type 
E and stored at4°e. Toxin titres of 10 Mill/lOg were developed. 
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Table 24 : Growth and toxin production in mullet tissue homogenate inoculated 
with Clostridium botulinum and packed under vacuum 
C. hotulillum Inoculum level per Storage temperature Toxin detection (d) 
Strain 109 COe) 
53 A 7.2x I 0' 30 I 
IS 6 
10 -
4 
-
908 1.3 x I 0' 30 I 
IS 6 
10 
-
4 -
18C 1.6x I 06 30 2 
IS 8 
10 -
4 
-
930 5.0x I 05 30 2 
IS 8 
10 -
4 -
ATCC 25717 I.Sx I 06 30 2 
Type D IS 8 
10 -
4 -
NCIB 0660 1.0x I oj 30 I 
Type E IS 3 
10 8 
4 28 
The pH of the mullet tissue homogenate increased from an initial value of 5.8 to 
6.7 in types A and B inoculated packs and from S.8 to 6.2 in types C and D inoculated 
packs. There was no change in pH in type E inoculated packs. 
Strasdine and Kelly (1967) found rapid germination of type E spores in the 
extracts of cod, salmon, sole and herring. Boyd and Southcott (\968) compared toxin 
production in cod, lemon sole and Coho salmon and found cod flesh to be superior in 
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supporting growth. It was demonstrated earlier that dead fish provide an excellent 
medium for growth and toxin production of C. botulinulII and the oil content of fish flesh 
has been suggested as a criteria for evaluating the botulinisity between fish species 
(Abrahamsson el af. 1965; Cann el al. 1965; Huss 1981). Baker and Genigeorgis (1990) 
found that rock fish and salmon seemed to be more conducive to C. botulinulII growth 
and toxigenesis than sole tested. Eyles and Warth (1981) and Eklund (1982) while 
reviewing the preservation by Modified Atmosphere and the safety of these processes 
stated that it is necessary to determine whether C. botulinum can grow and produce toxin 
in food samples to evaluate the potential public health hazards of this method of 
preservation. In the present study, mullet tissue offered a balance nutrient for the growth 
C. bOlllfillUIII on account of its high fat content compared to shrimp and supported growth 
and toxin production by C. bolulillUIII types A to E. But the rate of toxin production by 
types C and 0 was less compared to types A, Band E. The study indicated that mullets 
arc botuiinogenic in many respects i.e., initial contamination, growth potential and toxin 
stability and therefore a potential health hazard exists if modem methods of preservation 
such as vacuumIModified Atmosphere packaging are adopted. 
The minimum temperature that allowed growth and toxin production by types A, 
B, C and 0 was 15°C in the mullet tissue homogenate. Similar observations were made 
earlier. Garcia and Genigeorgis (1987) have already demonstrated toxigenesis in salmon 
tissue homogenates stored under vacuum by the residential spores of C. botulinum type A 
at temperatures 16° and 30°C but not at or below 12°C. Segner et al. (1971 b) found 
growth and toxin production by type C in ground haddock and the minimum growth 
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temperature of marine strains of C. bOlLliinum type C was found to be I S.6°C. The 
results of the present study are in agreement with the earlier report (Segner et al. 1971b) 
that the minimal temperature for growth of C. botulinum type C is very near to that 
accepted as limiting for growth of type A and proteolytic type B. 
The limiting temperature for growth and toxin production by type E was shown to 
be 4°C in the present study and the toxin production was delayed for a period of 28 d. It 
was demonstrated earlier that type E grew and produced toxin at 3°C and 4°C. Studying 
the growth and toxin production by C. botulinum type E in vacuum packed fish, Cann 
et al. ( 196Sb) showed that herring became toxic after storage at SOC for IS d under 
vacuum with as small an inoculum as 102 spores/pack. In the same study, they were also 
able to demonstrate toxin production in whole vacuum packed herring inoculated with 
100 spores/ pack and stored at 3.3 and SOC on 21 st and 9th day respectively. Lindroth and 
Genigeorgis (1986) reported growth and toxin production by non-proteolytic 
C. bOllllillll1ll types B, E, F in inoculated red snapper tissue homogenates stored under 
vacuum on 1st day at 30°C, 3,d day atl7°C, 6'h day at 12°C and 21" day at 4°C. In a 
similar study, Garcia and Genigeorgis (1987) reported that the shortest lag phase for the 
non-proteolytic C. botulillum types in salmon tissue homogenates stored under vacuum 
was 12 day at 4°C for 104 spore inoculum and 18 d for 103 spore inoculum. In all of the 
above studies, only type B toxin was found at 4° and they suspected that this inhibition of 
type E in the presence of type B may be due to boticins. Reddy et at. (1996) did not find 
toxin development by type E in fresh tilapia fillets during storage of 90 d at 4°C under 
vacuum. Inhibition of growth of type E in tilapia fillets at 4°C may be attributed to the 
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low fat content. Abrahamsson et al. (1965) and Cann et al. (1965 b) had reported that 
fish with a high fat content provide a better medium than non fatty fish. Sperber (1982) 
had shown that a particular substrate may be able to exert an inhibitory influence as the 
minimum growth temperature is approached. 
Garcia and Genigeorgis (1987) calculated a lag period (LP) of 4 d using the 
prediction model for salmon tissue homogenates inoculated with 104 non-proteolytic 
C. bowlillltlll spores/sample and stored at 10°C under vacuum while Lindroth and 
Genigeorgis ( 1986) and lkawa and Genigeorgis (1987) estimated LP for rock fish tissue 
homogcnates to be 4.07 d and 4.49 d respectively under the same conditions. Baker and 
Genigeorgis (1990) while evaluating the toxigenesis of non-proteolytic C. botulinum in 
rock fi sh stored under modified atmospheres by predictive models estimated the lag times 
of 14.29 d and 6.32 d for 3.3 and SOC respectively. The results of the present study agree 
well with that of Ikawa and Genigeorgis (1987) in that the lag period for mullet tissue 
homogenates inoculated with type E was found to be S d at 10°e. 
Storage temperature of mullet tissue homogenate had an influence on the toxin 
titrcs of C. botulillulII . Type A and B strains produced 10000 MLD/IO g and SOOO 
MLDII O g respectively at 30°C and 100MLDII0 g at IS°e. Similarly type C and D 
strains produced toxin titres of 60 and 80 MLD/IO g respectively at 30°C and 8 and 6 
MLDIIO g respectively at IS°C. Type E strains developed toxin titres of 1000 MLDIIOg 
and 100 MLDIlOg. 80 MLDIlOg and 10 MLDIIOg respectively at 30°C. Isoe. 10°C and 
4°e. Similar observations were recorded by other workers also. It has been demonstrated 
earlier that herring inoculated with 102 spores/g developed four times the MLD/g as 
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halibut inoculated similarly and stored at 20°C. about twice the MLD/g at 1Q0C while less 
than 10 MLD/g developed in each substrate at 5°C. However. the time to initial toxicity 
was approximately the same for each fish regardless of incubation temperature (Cann 
et al. 1967). Huss and his co-workers (1979a. b) have shown that the storage 
temperature and the spore load in fish markedly influence the toxin titres of type E in 
vacuum-pac ked fish. They found toxin titres 500 MLD/g after I d at 30°C and at 15°C. 
50 MLD/g toxin was detected after 3 d. The present study confirms the earlier findings . 
The significance of storage temperature on growth and toxin production by 
C. botulillUIII was demonstrated in this study. C. bOlLllinulII types A. B. C and D did not 
grow at IQOC or below in mullet tissue homogenate while C. bOlLllinum type E grew at 
IQOC and 4°C. By transferring the packs stored at 1Q0C and 4°C to 30°C. growth and 
toxin production by C. bOlLllillUIII types A. B. C and D were noticed within 5 d. This 
finding is in agreement with the earlier reports (Cann et al. 1965b. 1966; Huss et al. 
1979 a) which emphasised the significance of storage temperature and to a lesser degree. 
the number of spores present in fish on the growth and toxin production by C. botulinum 
type E. Rapid toxin production by type E was noticed after storage for I d at 30° and a 
further reduction in storage temperature (15°C) delayed toxigenesis for 2 d and lowering 
the storage temperature to lOoe toxin production was detected after 8 d. Baker and 
Genigeorgis (1990) also reported that temperature is the most important variable 
contributing the greatest effect on C. botulillUIII growth and toxigenesis and initial spore 
load was the second most variable in Modified Atmosphere packed fresh fi sh. 
In the present study. the maximum level of C. botulinum found In fish was 
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70/100 g. Non-proteolytic C. botulillulIl strains CBEF) were not encountered in fi sh 
(4.1.1 ). However, it is to be expected that non-proteolytic C. botulinulIl strains may be 
present in fish. The lag time observed for mullet tissue homogenate was 6d at looe for 
10J spore inoculum. lkawa and Genigeorgis (1987) have shown that by reducing the spore 
inoculum from 104 to 102 i.e. hundred fold reduction in rock fi sh tissue homogenates 
stored at looe. the lag phase was increased from the 4.49 d to 7.59 d i.e. it just doubled. 
Therefore. by reducing the spore level of the present study from 103 to 7 i.e. more than 
hundred fold reduction, the lag phase could be further increased from 6 d to > 12 d in 
mullet tissue according to the estimation of Ikawa and Genigeorgis (1987). It also 
indicates that fish fillets packed under vacuum can be stored safely upto 12 d at 10°e. 
Genigeorgis (1985) has also indicated that due to lower incidence of psychrotrophic 
microorganisms in the tropics, fish from the tropics are more stable at refrigeration 
temperatures and fish spoi lage may be delayed and follow toxigenesis . Reddy et al. 
(1992) have stated that vacuum packaged fi shery products held at severe temperature 
abuse conditions may pose a public health hazard because toxin formation coincided with 
sensory spoilage. 
The results of the present investigation indicated that storage temperature of fish 
marketedly influence growth and toxin production of C. botulinulIl. The naturally 
occurri ng levels of C. bOtlllillUIII in fi sh will not initiate toxigenesis in vacuum packed 
fi sh at 4°C for upto 21-25 d. Lf strict temperature control cannot be guaranteed, the 
storage time has to be limited. The study points out that if non-proteolytic C. bOlulinum 
spores are present in fishery products, even proper refrigeration may not be sufficient as 
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these strains may grow at 4°C. Mullet tissue on account of its high fat content provided a 
good substrate for growth and toxin production by C. botulinum types A to E and 
therefore a potential health hazard does exist. however. if such products are stored above 
4°C while in modified atmospheres. Another impl icati on of the present finding is that 
dead fi sh in fish farms provide an excellent substrate to support growth of C. botulinum. 
Proper hygiene in fish farms including such measures as frequent removal of dead fish 
from pond is recommended to keep the contamination of farmed fish at a low level. The 
extent to which fresh/frozen fi sh are processed to increase shelf life or to prepare new 
products and the conditions under which they are stored therefore have a marked effect on 
the potential problems from C. botulinum. 
4.6.4.2 Growth and toxin production by Clostridium botulinum in shrimp 
tissue homogenates stored under vacuum 
Growth and toxin production by C. botulinum types A to E in shrimp tissue 
homogenates stored under vacuum at temperatures 30°C. I SoC. 10°C and 4°C were 
examined. Results are summarised in table 25. Upon incubation at 30°C. all the packs 
inoculated with C. botu/illum types A. B. e. D and E became toxic after 24 h. There was 
no toxin production in the control pack. A progressive delay in toxin production was 
observed when the packs were incubated at a lower temperature (lS°C). Toxin was 
detected in packs inoculated with C. botulinum types A and B after S d. in packs 
inoculated with types C and Dafter 7 d whereas packs inoculated with type E developed 
tox in .tfter 4d. 
Storage at mild abuse temperature (10°C) and refrigeration temperature (4°C) 
completely inhibited growth and tox in production by C. bolu/illum types A. B. C and D 
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in shrimp tissue homogenates. But when the packs were transferred to 30°C, toxigenesis 
was noticed after 6 d. Storage of inoculated packs under vacuum at lOoe delayed growth 
and toxin production by type E upto 8 d and tox in was detected after 9 d. At 4°C, toxin 
was developed in type E inoculated packs after 34 d. 
Toxin titres produced at various temperatures by C. botulinum types A to E were 
also estimated (Fig. 16). During storage at 300 e, tox in developed after 24 h and on the 
second day the toxin titre was 8000 MLOIIOg. for type A strain and 10000 MLOIIOg for 
type B strai n. On the other hand, tox in titres of type E was less than 20 MLOIIOg. Toxin 
titres of 500 MLOIIOg were developed in type C inoculated packs, 600 MLOIIOg in type 
o type cultures (ATCC 27517) inoculated packs and 50 MLO/IOg in packs inoculated 
with type 0 strain isolated from fish . At 15°C, toxin titres of 100 MLOIIOg were found 
in types A and B inoculated packs on day 6 and 8 MLOIIOg in type E inoculated packs on 
day 5. Type C, type 0 type culture (ATCC 27517) and type 0 strain from fi sh developed 
toxin titres of 20, 30 and 8 MLO at 15°C. Only type E grew and produced toxin during 
~ toragc at 10°C and 4°C and toxin titres of 8 and 6 MLO respectively were developed in 
shrimp tissue homogenate. 
The pH increased from an initial value of 6.2 to 7.0 in types A and B inoculated 
shrimp tissue homogenate and from 6.2 to 6.7 in types C and 0 inoculated packs. There 
was no change in pH in shrimp tissue homogenates inoculated with type E. 
Shrimp tissue homogenate supported growth and toxin production by 
C. bOll/lilllll1l types A to E. This finding indicated that shrimp is a conducive medium for 
the growth of C. bolulillUIII types A to E. But the low toxin titres produced by type E in 
134 
shrimp tissue homogenate indicates that it tS less conducive to type E growth and 
toxigenesis than types A, B, C and D. 
The limiting temperature for growth and toxin production by C. botulinum types 
A, B. C and D were found to be ISoC and that of type E was found to be 4°C in shrimp 
tissue homogenate. 
The storage temperature was significant on the growth and toxin production by 
C. botlllilllllll types A to E. Types A, B, C and D grew and produced toxin at 30° and 
ISOC but not at 10°C and 4°C. Rapid toxin development was noticed at 30°C by 
C. botlllillum types A to E but lowering the storage temperature to ISoC progressively 
delayed toxin production by types A and B for 6 d, by types C and D for 8 d and by type 
E for S d. But when the packs stored at 10°C and 4°C were transferred to 30°C, growth 
and toxin production were noticed in the packs indicating the significance of storage 
temperature on growth and toxigenesis. Toxin titres developed at storage temperature 
30°C were high compared to that produced at IS°C. Type E grew and produced toxin at 
temperatures 30°C, ISoC, 10°C and 4°C. High toxin titres were found at high storage 
temperature and as the storage temperature was lowered, low toxin titres were found in 
the shrimp tissue. 
The growth and toxin production by C. botulinulII was influenced by the growth 
substrate. Even within the C. botulillUIIl types A to E, the growth and toxin production 
varied with the substrate. High toxin titres were found in types A, B, C and D inoculated 
packs whereas type E inoculated packs showed poor toxin production. The high toxin 
titres developed in types A, B, C and D inoculated packs can be attributed to the 
enhanced growth and toxin production by these types in shrimp tissue homogenate. Low 
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toxin titres in type E inoculated pack may be due to the poor growth and toxin production 
by type E in shrimp tissue homogenate. 
Stra dine and Kelly (1967) found extracts of shrimp, oyster and crab were 
relatively inactive in allowing rapid germination of type E. Lerke and Farber (1971) had 
shown that shrimp homogenate is a suitable substrate for the growth and toxin production 
of C. bOlulillUIII types A, B and E. Studying the outgrowth and toxin production by type 
E in vacuum skin packaged shrimp, Garren el al. (1994) found toxin production by type 
E in shrimp. The present finding that shrimp tissue homogenate can support growth and 
toxin production by C. botu /i llulIl agrees well with the earlier reports. 
Lerke and Farber (1971 ) reported outgrowth and toxin production by 
C. botul illulII types A at 75°F (23 .8°C) in shrimp tissue homogenate but storage at 10°C 
prevented toxigenesis by types A and B but not by E. Fletcher el al. (1988) reported 
toxigenesis by type A in scallops held at 27°C under vacuum but storage at 10°C and 4°C 
inhibi ted growth and toxin production. Similar observations were made in the present 
study. ClostridiulII bOllllillulII types A, B, C and D could grow and produce toxin at 30°C 
and 15°C but not at 10°C. The results of the study confirmed the earlier finding of Segner 
el al. (1971 b) that minimal temperature for growth of C. botulillum type C is very near 
to that accepted as limiting fo r growth oftype A and proteolytic type B. 
The minimum temperature that allowed growth and tox in production by 
C. bOIUlillulIl type E in the present study was 4°C and toxin production was noticed after 
35 d. Lerke and Farber (197 1) could not find growth and tox in production by type E at 
4°C for a period of 75 d. Patel et al. (1978) found toxin production by type E in marine 
molluscs at 4°C after 90 d. Garren et al. (1994) studied outgrowth and toxin production 
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by type E in vacuum skin packaged shrimp and found toxin production at 10°C after 6 d. 
But on storage at 4°C, neither growth nor toxin production was observed upto 21d. The 
variation noticed in the lag period at 4°C in the above studies may be attributed to the 
differences in the spore inoculum, and to the inhibition of growth of type E by the initial 
microbial nora of the tissue homogenate. The present finding also agrees well with that 
of Garren et al. (1994) in that no toxin production was noticed by type E upto 21 d at 
4°C. 
Table 25: Growth and toxin production in shrimp tissue homogenate 
inoculated with Clostridium botulinum and packed under vacuum 
C. botlllillum Inoculum level per Storage temperature Toxin detection (d) 
Strains 109 (DC) 
30 2 
53 A 7.2x 105 15 6 
10 -
4 -
30 2 
90B I.3x 105 15 6 
10 -
4 -
30 2 
18C \.6x 106 15 8 
10 -
4 -
2 6 q3 30 2 
. D 5.Ox \05 15 8 
10 -
4 -
30 2 
Type D 257 17 1.5x \06 15 8 
10 -
4 -
30 2 
Type E 10660 1.0x 103 15 5 
10 \0 
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Fig. 16 Comparison of Toxin production by Clostridium botulinum types A to E in 
shrimp tissue homogenate 
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The significance of storage temperature on the growth and toxin production by 
C. bOtlililll/1Il has been reported earlier. Cann et al. (1965b) and Huss el al. (1979 a) 
showed that storage temperature and spore load in fi sh markedly influence the toxin titres 
in vacuum packed fish . Genigeorgis and Riemann (1979) stated that the rate of growth of 
C. bOlulinulIl type A or B may increase ten fold when the temperature increases from 15 
to 25°C. Farber (1991) reported that both temperature and substrate can greatly influence 
the ability of non-proteolyt ic C. botulillulIl (types B. E. F) to produce toxin. Lindroth and 
Genigeorgis (1986). Garcia and Genigeorgis (1987) and Ikawa and Genigeorgis (1987) 
have shown that as the storage temperature is lowered the lag phase is increased. Similar 
result were obtained in the present study. 
Most of the earlier work emphasised the significance of storage temperature on 
the toxin titres produced by type E in fish. The study on mullet tissue homogenates 
(4.6.4. 1) also showed the significance of storage temperature on the toxin titres produced 
by C. botulillum types A to E. Unlike fish tissue homogenates. toxin production by type 
E in shrimp tissue homogenates is low. Mullet tissue was found to be superior to shrimp 
tissue homogenate in supporting growth and toxin production by type E. Mullet tissue 
offered a better balanced nutrient than shrimp on account of its high fat content for the 
rapid germination and multiplication of C. botulinwn type E spores. The present finding 
confirms the earlier observation of Strasdine and Kelly (1967) in that extracts of cod. 
salmon. sole and herring enhanced germination of type E spores while extracts of shrimp. 
oyster and crab were relatively inactive. Other workers had also reported that fish with a 
high fat content provide a better medium than non fatty fish (Abrahamsson et al. 1965; 
Cann et al. 1965). 
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In recent years, there has been a renewed interest in the use of Modified 
Atmosphere (MAl combined with refrigeration to extend the shelf life of fresh fish at 
reasonable cost (Cann et al. 1983; Genigeorgis 1985; Gopal el al. 1990). But 
temperature abuse is common and maintenance of proper refrigeration by consumer is 
even worse. Unprocessed fresh and frozen shell fish have had an excellent safety record 
with regard to botulinal problems (Hauschild 1993). The extent to which they are 
processed and the conditions under which they are stored have a marked effect on the 
safety of the product. Therefore, strict adherence to temperature control is necessary for 
MAP products not only by the food producer and retailer but also by the consumer. 
The naturally occurring levels of C. bollllillum in fresh farmed shrimp was 
ISO/IOOg or IS/lOg. Nonproteolytic C. bOlulillum types were not encountered in shrimp 
in the present study (4 .1 ). However, it is not to be assumed that they are absent in 
shrimp. The inoculum level of type E used in the present study was higher than the 
nalurally occurring levels of C. botulillum. The present findings indicated that naturally 
occurring levels of C. botulinum in fresh shrimp will not initiate toxigenesis in shrimp 
stored at 4·C under vacuum for upto 3S d. At abused storage temperature of IO· C, type E 
or nonproteolytic C. bOlulinum types if present, could initiate growth and toxigenesis 
within 10 d. The study suggests that if the strict temperature control cannot be guaranteed, 
the storage time has to be limited. Shrimp tissue supported growth and toxin production 
by C. bOlulinum A to E. The study also revealed that mullet tissue was superior to 
shrimp tissue in supporting growth and toxin production by type E. The study also 
indicates that dead shrimp in shrimp farms support growth of C. bOlulillum. Hence it is 
recommended that proper hygiene should be maintained in shrimp farms including 
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frequent removal of dead shrimps to reduce the level of contamination by C. botulillum. 
The results of the study can be utilized to define control measures for predicting the 
safety of vacuum packaged shrimp. 
4.6.5 Combination Effects 
4.6.5.1 Combined effect of temperature and pH on growth and toxin 
production by Clostridium botulinum 
The effect of pH on growth and toxin production by C. botulilmm was 
studied at temperatures 30°C, 15°C, 10°C and 4°C. The minimum pH that pennitted 
growth of C. bOll/linum type A isolate at 30°C was between 4.5 and 5.0 whereas at 
I soc. it was raised to 5.0-5 .5 and at 10°C and 4°C, neither growth nor toxin production 
was noticed over the pH range 4.5-7.0 (Table 26). The minimum pH that pennitted 
growth of C. bOlulinum type C spores at 30°C and 15°C was 5.5 but the toxin production 
was delayed for a period of 10 d at 15°C. C. bOII/linum type D spores initiated growth at 
30°C and pH 5.0. The toxin production was delayed for a period of 16 d. At 15°C, 
growth of C. bOlulinum type D was inhibited at pH 5.0. Following the transfer of tubes 
from 10° and 4°C to 30°C, growth and toxin production occurred in all tubes inoculated 
with C. botulinum types A and D within 12-18 d at pH 5.0 but not at pH 4.5. 
Growth and toxin production by C. botulinum type E reference strain occurred at 
30°C and 15°C over the pH range 5.0 to 5.5 whereas at 10°C, the minimum pH was 
between 5.5 to 6.0 and at 4°C, it was raised to 6.0 to 7. As the temperature was lowered, 
the minimum pH value permitting growth and toxin production by spores of C. botulinum 
was raised . 
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The resulIs of the present study revealed that at suboptimal temperature, the 
limiting pH value permitting growth of C. botulinum was raised. Growth and toxin 
production by C. bOllllilll/1Il type A and D occurred at pH 5.0 and 30°C whereas at 15°C, 
neither growth nor toxin production was noticed at pH 5.0. Similarly the limiting pH 
value permitting growth of type E reference strain at 30°C was 5.5 whereas at 10· e , it 
was rai sed to 6.0. Similar observations were made by Segner et al. (1966), Lynt et al. 
(1982) and Graham and Lund (1987). 
There are only limited studies on growth of individual C. botulinum strains 
(Segner et al. 1966; Baird-Parker and Freame 1967; Emodi and Lechowich 1969 a). 
Most of the investigations deal with the behaviour of mixed cultures of C. botulinum 
(Lund et al. 1985. 1987; Graham and Lund 1987). 
In a study of single strains of type A, Band E, using an inoculum of 106_107 
spores, Baird Parker and Freame (1967) fou nd growth oftype B at 30°C and pH 5.0 in 9 d 
whereas type A grew upto pH 5.3. In the same study, they found that at 20°C and pH 5.0, 
all three types fai led to form vegetative cells and at pH 5.3 and 20°C, type A, B and E 
were able to from vegetative cells. Lund et al. (1985) did not find multiplication and 
formation of toxin by type A at 20°C and 16· e over the pH range 5.1-4.5. In a 
subsequent work, Graham and Lund (1987) have shown rapid germination and growth of 
types A and B at 300 e and pH 5.2-5.5 whereas at 20oe, growth occurred upto pH 5.4 
within 26 d. They also found growth and toxin production by type Bat 16°e and pH 5.5 
after 14 d. The results of the present study agree well with the above observations in that 
type A grew at pH 5.5 after 14 d and growth and toxin production by type A did not occur 
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over the pH range 4.5-5 .0 at 15°C whereas at 30°C rapid germination and growth of type 
A occurred upto pH 5.0. 
The minimum pH permitting growth of type A at 30°C was 5.0 in the present 
study. Baird-Parker and Freame (1967) found growth and toxin production by type A at 
30°C and pH 5.3 but not at pH 5.0. However, it has also been demonstrated earlier that 
growth and toxin production by C. botulinum type A occurred at pH 4.8. Several reports 
have demonstrated the ability of C. botulinwn type A to grow and produce toxin at pH 
levels below 4.6 (Raatjes and Smelt 1979; Odlaug and Pflug 1979; Smelt et al. 1982; 
Mont vi lle 1982; Tanaka 1982; Tsang et al. 1985; Young-Perkins and Merson 1987; 
Dodds 1989). The pH tolerance of C. botulinulll may be greatly modified by the 
acidulants used. concentration, type and strain of C. botulinum spores. sufficiently 
anaerobic growth medium, metabiosis and high concentrations of proteins in the medium 
as shown in the previous studies. The variation in the minimum pH value permitting 
growth of C. botulinum type A may be attributed to the variability in acid tolerance 
exhibi ted by different strains of C. botulinum and the anaerobic conditions in the growth 
medium. 
Segner et al. (1966) found that minimum pH permitting growth of type E strains 
at 30°C was between 5.24-5.36 whereas at 8°C it was raised to 5.9-6.1. Baird-Parker and 
Freame (1967) have shown outgrowth of type E strain at pH 5.3 and 30°C and 20°C but 
not below pH 5.3. In a similar study, Emodi and Lechowich (1969a) found that the 
minimum pH permitting growth of six strains of type E from an inoculum of 1.5x 106 
spores were at 15.6° pH 5.4-5.6, at 10°C pH 5.6-6.0, at 5°C pH 6.2-6.4. Lund et al. 
(1990) have shown greater ability of non-proteolytic type B to grow at low pH at sub-
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optimum temperature than at optimum temperature and neutral pH. Similar observations 
were made in the present study in that as the temperature was lowered from 15° to 10°C 
the minimum pH value permitting growth and toxin production by type E was raised from 
pH 5.5 to 6.0. 
Table 26: Combined effect of pH and temperature on growth and toxin 
production by Clostridium botulinum 
pH of the No. of d required for growth and toxin production 
C. bOIU/iIlUIII medium 
Strain 30° 15° 10° 4° 
7.0 I 4 - -
6.0 2 5 - -
53 A 5.5 4 14 - -
5.0 11 - - -
4.5 - - - -
7.0 1 4 - -
6.0 2 5 - -
18 C 5.5 5 10 - -
5.0 - - - -
4.5 - - - -
7.0 I 4 - -
6.0 2 6 - -
5.5 5 10 - -
2131 D 5.0 16 - - -
4.5 - - - -
7.0 I 3 12 28 
6.0 2 3 15 -
E 10660 5.5 3 5 - -
5.0 - - - -
45. - - - -
The minimum pH value permitting growth and toxin production by C. botulinum 
type C isolate at 30°C and 15°C was 5.5 but at 15°C, toxin production was delayed for a 
period of 10 d. The minimum pH permitting growth and toxin production by 
C. botulillulII type D was raised to 5.5 from 5.0 as the temperature was lowered from 
30°C to I soc. There are no published reports of growth of C. botuLinum type C and D at 
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suboptimal temperature and pH . Most of the data available are for C. botulinum types A 
and B and non-proteolytic types B and E. A decrease in pH resulted in progressively 
longer delays before growth of all C. botulinum types examined at suboptimal temperature 
and types C and 0 are no exception. 
It was also observed that at pH value approaching the limit that allowed growth 
I.e. pH 5.0, growth and toxin production by C. botlllinllm type 0 was delayed for a 
period of 16 d at 30°C whereas at 15°C there was no growth and toxin production. This 
may be attributed to the fact that the proportion of spores that resulted in growth at 
suboptimal pH and temperature may have been low. Roberts and Thomas (1982) and 
Lund et 01. (1987; 1990) had shown that the properties of spores may differ significantly 
between batches of the same strain and with time of storage and the probability of 
germinati on at acid pH may therefore be very variable. 
The results of the present study indicate the ability of C. botulinum types A, C, 0 
and E to grow in conditions that combine suboptimal temperature and suboptimal pH. 
However, the lag phase is increased. The study also shows that pH tolerance is a function 
of incubation temperature. The study suggests that an additional preservative factor 
should be combined with acidification and low temperature to inhibit growth of 
C. botlllillllm and substantially reduce the botulinum hazard associated with such fishery 
products. 
4.6.5.2 Effect of incubation temperature on salt tolerance of 
Clostridium botulinum 
The inhibition of outgrowth and toxin production by spores of C. bOllllinum types 
A, C, and 0 isolates and type E reference strain at different concentrations of sodium 
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chloride was studied at different incubation temperatures. The aw values of CMM 
containing various concentrations of sodium chloride are shown in table 27. A delay in 
outgrowth time occurred with increasing salt concentrations and decreasing temperatures 
(table 28). 
At 30°C, 10% sodium chloride prevented growth and toxin production by 
C. botlllillUIII type A whereas 8% sodium chloride delayed growth and toxin production 
fo r a period of 13 d. But when the temperature was lowered to 15°C, 8% sodium chloride 
was required to prevent growth and toxin production during the 42 d of storage and 5% 
sodium chloride delayed growth and toxin production for a period of 18 d. Neither 
growth nor toxin production by type A was noticed below 15°e. 
The sodium chloride level for inhibition of C. botulinum types C, D and E at 
15°C was not much less than that at 30°C. Growth and toxin production by C. botulillum 
types C and D were observed at 15°C but not below that whereas type E grew and 
produced tox in at 10°C and 3% sodium chloride. The toxin production was delayed for a 
period of 25 d at 10°e. It has been demonstrated that at 15°C, a delay in outgrowth time 
of types C and D occurred at 3% and 5% sodium chloride levels and the toxin was 
detected after 8 and 14 d respectively. 
Table 27 : Influence of NaCI on the water activity aw of CMM 
Percent NaCI (w/v) a,. 
0 0.994 
3 0.978 
5 0.970 
8 0.952 
10 0.936 
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Table 28: Effect of Incubation temperature on salt tolerance of Clostridium botulinum 
C. botl/lilllllli No. of d required for growth and toxin production 
strain Sodium ch loride 30°C 15°C 10°C 4°C 
concentration % 
0 I 3 - -
3 2 4 - -
53 A 5 6 18 - -
8 13 - - -
10 - - - -
0 I 4 - -
3 2 8 - -
18 C 5 6 12 - -
8 - - - -
10 - - - -
0 1 5 - -
3 3 8 - -
2693 0 5 6 14 - -
8 - - - -
10 - - - -
0 1 2 12 28 
3 3 6 25 -
E 10660 5 - - - -
8 - - - -
10 - - - -
The present study revealed that the sodium chloride concentrations permitting 
growth of C. botulinulII is influenced by temperature. At 30°C and pH 7.0, growth of 
C. bOIl/lillI/III type A occurred upto 8% sodium chloride level whereas at 15°C, growth 
and toxin production was noticed only upto 5% sodium chloride. Similar observations 
were made by other investigators (Ohye and Christian 1967; Roberts and Smart 1976; 
Lynt el (I/. 1982). Salt concentrations with little inhibitory effect at optimal incubation 
temperature significantly delay outgrowth at lower temperatures. Studying the combined 
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effeCI of saI l and temperature, Gibson et al. (1987) found that growth of C. botulinum 
type A in pasteurised pork slurry was delayed for a period of 60-211 d at 15°C and 4.5% 
sodium chloride. An extension of lag phase was noticed in Ihe present study also at I soc. 
However, the lag period was considerably shorter than that reported by Gibson et al. 
(1987). Differences in the lag period observed in the above study may be attributed to the 
difference in the inoculum levels or to the heat treatment given to the spores or to the 
difference in the rate of germination of spore crops. Lund and Wyatt (1984) have shown 
that the concentration of sodium chloride required to prevent growth of C. botulinum is 
influenced by the spore inoculum size. It was also demonstrated that heat activation of 
spores delay outgrowth and increase their sensitivity to sodium chloride (Roberts and 
Smart 1976; Roberts and Thomas 1982; Peck et al. 1995; Graham et al. 1996). Roberts 
and Thomas (1982) and Lund et al. (1990) have found that individual spores separated 
from an apparently homogeneous spore crop germinated at widely varying rates. 
Growth and toxin production by C. botulinum type E were prevented at 5% 
sodium chloride and at all temperatures 4°C-30°C whereas at 3% sodium chloride growth 
was delayed for a period of 25 d at 10°C. It has been demonstrated in the present study 
that salt concentrations slightly lower than those providing inhibition tended to extend 
spore outgrowth time of type E reference strain at low temperature. Segner el al. (1966), 
Emodi and Lechowich (1969b) and Graham el ai. (1996) also made similar observations 
on the inhibition of growth of type E. Lynt el al. (1982) have also reported that as the 
temperature of storage is lowered. less salt is required to inhibit the growth of 
C. botulinum and delay toxigenesis. 
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Growth and toxin production by C. botuLinum types C and D occurred at S% 
sodium chloride level and IS°C. However, a delay in outgrowth time was noticed. It has 
also been demonstrated that sodium chloride level required for inhibition of growth of 
types C and D at low temperature was not much less than that at 30°C. Most of the 
studies on the combined effect of temperature and sodium chloride on growth and toxin 
production by C. botlliinum centered around C. botuLinum types A, Band E. There is a 
lack of published data on the combined effect of temperature and sodium chloride on the 
inhibition of growth of C. botulinum type C and D. 
The results of the present investigation revealed that sodium chloride 
concentration permitting growth of C. botulinum are influenced by temperature. Growth 
and toxin production by C. botulinum type A were inhibited at ISoC and 8% sodium 
chloride. Growth and toxin production by C. botulinum types C and D were not 
prevented at ISoC and S% sodium chloride levels. Clostridium botulinum type E grew 
and produced toxin at lOoC and 3% sodium chloride. The study indicated that salt and 
temperature alone are not adequate to prevent outgrowth and toxin production by 
C. bo Il/lillI/III . Increasing the salt concentration of fishery product to such a level would 
minimise their acceptance by consumer. Therefore, the possibility of using salt 
concentrations considerably lower than 5% must be explored by combining temperature 
and sodium chloride with other factors including pH, and preservative factors such as 
starter cultures of lactic acid bacteria, bacteriocins or essential oils to control growth of 
C. bOll/lillll1ll and to maintain the bacteriological safety of the fi shery products. 
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4.6.5.3 Inhibitory effect of combinations of pH sodium chloride and 
incubation temperature on growth and toxin production by 
Clostridium botulillum 
The effect of incubation temperature on growth and toxin production by 
C. bOllllillll1ll at pH 7.0 and 5.5 and sodium chloride concentrations of 0%, 3% and 5% is 
shown in table 29. At 30°C and pH 7.0 and 5.5, growth and toxin production by 
C. bollllilllllll type A occurred at all salt levels used whereas at 15°C and pH 5.5, neither 
growth nor toxin production was noticed at 5% sodium chloride level. 
Growth and toxin production by C. bolulinl/m types C and D isolates were 
demonstrated at 30°C and 15°C and pH 7.0 at all salt concentrations whereas at pH 5.5 
and 30°C, 5% sodium chloride prevented growth during the 42 d of storage and at 15°C 
and pH 5.5, growth and toxin production by types C and D were delayed for a period of 
24-32 d at 3% sodium chloride level. In the case of type E strain, 5% sodium chloride 
was required for the complete inhibition of growth and toxin production at pH 7.0 and 5.5 
and 30°. However at 15°C and 5.5, neither growth nor toxin production was noticed at 
3% sodium chloride level during the 6 weeks storage. 
An interaction between sodium chloride, pH and temperature was noticed in the 
present study. Growth of C. botulinl/m type A occurred at 15°C at pH value 7.0 and 5% 
sodium chloride within 9 d. As the pH value was lowered to 5.5, neither growth nor toxin 
production was noticed at 15°C and 5% sodium chloride. There was a delay in outgrowth 
even at 3% sodium chloride level fo r a period of 14 d. Similarly as the pH was lowered 
from 7.0 to 5.5, 5% sodium chloride prevented growth of C. botulinum types C 
, ... ,· t\1" 
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inhibit the growth of C. botulillum and delay toxigenesis. 
Table 29: Effect of pH, sodium chloride concentration and incubation 
temperature on growth of Clostridium botuLinum 
C. botulillum % No. of days required for growth and 
Inoculum sodium pH toxin production when incubated at 
chloride 30°C WC 
53 A 0 I 3 
3 7.0 I 4 
5 6 9 
0 4 8 
3 5.5 5 14 
5 12 -
18 C 0 I 4 
3 7.0 2 10 
5 6 18 
0 5 6 
3 5.5 19 24 
5 - -
2693 D 0 I 5 
3 7.0 3 9 
5 8 16 
0 5 8 
3 5.5 21 32 
5 - -
E 10660 0 I 2 
3 7.0 3 6 
5 - -
0 3 3 
3 5.5 12 -
5 - -
Several workers have assessed the combined effects of pH, temperature and water 
activity (aw) on the inhibition of C. botulinum . The minimum aw allowing growth of 
C. bolulimllll increased with decreased pH value i.e. at pH 5.5, the minimum aw 
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permitting growth of C. bOllllillUIII type A was increased from 0.96 to 0.97 (Baird-Parker 
and Freame 1967). Ohye and Christian (1967) have shown that growth and survival of 
C. bOllllillll1ll type B was influenced concomitantly by temperature, pH and aw. They 
found that as the incubation temperature was reduced from 30°C to 20°C, the minimal aw 
permitting growth increased markedly. In the same study a reduction in the pH produced 
a similar effect. The present findings confirm and extend those of Baird-Parker and 
Freame ( 1967) and Ohye and Christian (1967). 
A simi lar inhibitory effect of combinations of pH, sodium chloride and incubation 
temperature was noticed on the growth of C. bOlulinulII types C and D. As the pH was 
lowered from 7.0 to 5.5, 5% sodium chloride prevented growth and toxin production by 
types C and D. Studies on the effect of combinations of pH sodium chloride and 
temperature on growth and toxin production by C. bOllllinulII types C and D have not 
been reported so far and most of the data available are from studies on C. bOlulinulII 
types A. Band E. 
At sub-optimal temperatures, the concentration of sodium chloride necessary to 
inh ibit growth of type E C. bOlulinll1ll was lower than that required at optimal 
temperature (Segner el al. 1966; Emodi and Lechowich 1969). Abrahamsson el al. 
(1966) and Emodi and Lechowich (1969) have shown that at 30°C, 3.5% sodium chloride 
permitted growth and toxin production by type E strains in 4 d, at 15.6°C it grew within 
7 d. at 10°C, growth was delayed for 14 d, at 6°C it was delayed upto 120 d and at 5°C, 
2.5% sodium ch loride prevented growth of same strains of type E. Data presented in table 
29 indicate that although 3% salt had no major effect on delay in outgrowth time of type 
E reference strain at 30°C and pH 7.0, at 15°C, growth was delayed for a period of 6 d. 
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At pH 5.5. il delayed growth for a period of 12 d at 30°C whereas at 15°C, neither growth 
nor toxin production were noticed during the 42 d storage. Similar observations were 
reported previously when unheated spores of non-proteolytic C. botulinum were 
inoculated into meat medium (Graham et at. 1996). Graham et al. (1996) found that at 
4.3% sodium chloride, C. bOlulinulII grew and produced toxin within 9 d at 16°C and pH 
6.5 whereas at 16°C and pH 5.6, growth and toxin production were delayed for a period 
of 95 d. They have also shown that combinations of heat treatment and pH delayed 
growth and toxin production at small levels of sodium chloride at refrigerated 
temperature. 
The present study revealed that combined stress has an immediate effect on 
C. bOllllillllll1 producing a marked delay in outgrowth and toxin production . 
Combinations of pH 5.5 and 5% sodium chloride prevented growth of C. botulilluln 
type A. C and D at 15°C whereas combinations of pH 5.5 and 3% sodium chloride 
prevented growth of C. botulinum type E at 15°C during the 6 weeks storage. By 
identifying suitable combinations of treatments, growth and toxin production by 
C. bOllllillll1ll can be prevented. It has also been shown that types C and D do not pose 
additional problems to the food industry and measures to inactivate and control the other 
types of C. botulinlllll should also control types C and D. The results of the study can be 
applied in the formulation of foods that rely on the variables investigated to inhibit the 
growth of C. botlllinlllll and to improve the quality and extend the shelf life. 
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5. SUMMARY AND CONCLUSIONS 
The present investigation was carried out to understand the ecology of C. botulinum by 
focussing mainly on the distribution of C. botulinum in farmed fish , shellfish and fishery 
products and the factors controlling growth and toxin production of C. botulinum. 
This thesis has essentially six sections 
I. Distribution of C. botulillum in farmed and wild fish/shellfish 
2. ClostridiulII botulillulII in important fishery products 
3. Isolation and characterisation of C. botulillum 
4. Sensitivity of fi sh to C. botulinum toxin 
5. Stabi lity of C. botlliinum toxin 
6. Growth characteristics of C. botulillum 
5.1 Clostridium botulinum in farmed and wild fish/shellfish 
5.1.1 Distribution of Clostridium botulinum in fish/shrimp farms 
The distribution of C. botulinum in farmed fish/shrimp and farm environment in 
relation to the heterotrophic bacteria was studied. Six farms were examined. The results 
of the present study indicate that the numbers of heterotrophic bacteria isolated from pond 
water mud. farmed fish and shrimp do not exceed the levels reported in wild fish from 
tropical waters or farmed fish from temperature waters. The contamination by 
C. bOlulillll1ll was noticed in 3 out of 6 farms. The study indicates that the commensal 
bacterial population of fish/shrimp included C. botulinum. Pond water. mud and soil 
were found to be the source of contamination of fish/shrimp by C. botulinum. The 
incidence of C. botulinum was high in farmed fish/shrimp (10-20%) compared to pond 
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mud ( II %). However, the level of contamination was higher in pond mud (II/g) than 
fanned fish/ shrimp. The only types of C. botulinum detected were types C and D. Fish 
viscera were seen to be a major reservoir of contamination in fanned fish . Therefore, 
efficient evisceration and washing of fish may reduce the level of contamination in 
fanned fish . Recovery of C. botulinum types C and D from the fanns does not pose any 
great hazard to fann animals and humans. 
The commercial pelleted shrimp feed contained high bacterial populations. The 
anaerobic microflora of feed is predominated by Clostridia. Clostridia also formed the 
predominant group among the anaerobic microflora of pond water. mud and fanned 
fi sh/shrimp. Majority of them were proteolytic indicating that they play an important 
role in the decomposition of organic matters in the culture ponds. They seem to be the 
allochthonous bacteria of culture ponds because these organisms showed remarkable 
changes when a large amount of organic matters were supplied during the fanning 
operations. 
Clostridium botulinum type C and D prevalent in water and mud were also 
encountered in fanned fish/shrimp indicating a close link in the distribution of 
C. botulillum in fi sh/shellfish and sediments. This finding is based on statistical analysis 
showing significant positive correlative between C. botulinum count in Penaeus 
lIlollodoli and C. botulinum count in the mud (p < 0.05). 
The significant positive correlation between C. botulinum count of mud and the 
environmental factor pH indicates that this factor governs the multiplication of 
C. botulinum in mud. Ponds having earthen bottoms, excess feeds. overloading the pond 
with organic matter can all substantially contribute to the growth of C. botulinum. 
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Farming practices render the organically rich mud anaerobic thus allowing the 
multiplication of C. bOllllinum. It is not a danger but the sale of fish/shrimp contaminated 
with C. bOtlllillUIII spores is likely to increase. Fish botulism is associated with 
C. botulinulII type E only. Therefore recovery of C. botulinum types C and D from the 
farms examined do not pose any great hazard to farm animals. 
The present study indicates that the level of contamination of farmed fish/shrimp 
and pond mud by C. botulinulII and heterotrophic bacteria do not exceed those reported 
for farmed and wild fish from temperate waters. Therefore, farm raised fish/shrimp do 
not pose a great hazard to human health than do wild fish. Since aquacultured 
fi sh/shellfish can be brought to the market faster than wild fish, they probably pose a 
considerably lower microbiological risk than wild fish . The level of contamination of 
pond mud by C. botulillUIIl is high compared to farmed fish/shrimp. As the farm 
environment is contaminated by C. bOlulillUIll, it is unlikely that contamination will ever 
be totally eliminated from farmed fish/shrimp. However, clean healthy farm management 
in aquaculture can substantially reduce the contamination. By periodical cleaning of the 
pond bottom. the contamination can be kept at low level. The top layer of bottom 
sediments of the ponds should be removed and the pond bottom must be treated with 
quick lime after each farming operations to prevent any build up in the number of 
C. botlllilllllll present in the pond bottom. It is also suggested that dead fish should be 
removed from the farms as soon as they are found, appropriate feeding strategy should be 
adopted to regulate excess feed to reduce the organic load of the farm and the dissolved 
oxygen level should be maintained at the optimum level by aeration/exchange of water to 
prevent the multiplication of C. botulinum in the culture system. In farmed fish/shrimp, 
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the risk of botulism can be increased by modem fish preservation process such as 
Modified Atmosphere Packaging, minimally processed foods etc. as they foster the 
growth of C. botulinulII if processing is not proper. The recovery of C. botulinum from 
farmed fi sh/shell fi sh emphasises the need for promoting good sani tation and appropriate 
methods of preservation to ward off post process contamination . Proper handling and 
quality control immediately after harvest should result in high quality and safe products 
from farm raised fi sh and shellfish. 
5.1.2 Distribution of ClostridiulII botulinum in coastal waters 
The distribution of C. botulinulII in mud and bivalve samples from the west coast 
and east coast was examined. The results of the survey indicated that the aquatic 
environmenl is contaminated predominantly with C. botulinum types C and D followed 
by type A. The incidence of C. botulinum was higher in the west coast mud (33%) 
compared to East coast mud (25%). The overall contamination level in bivalves was 
24%. 
The incidence of C. bolLllillulII in the aquatic environment of India is found to be 
lower than that of temperate water but considerably higher than that of other tropical 
waters. The predominance of C. botulinum types C and 0 in the aquatic environment of 
India is not unexpected as surveys of tropical waters indicate predominance of types C 
and D. The distribution of C. botulinum in shellfish is closely related to their occurrence 
in sediments. 
The incidence of C. botulillum in farmed and wild bivalves indicates the 
contamination of the water bodies used for aquafarming. The level of contamination of 
farmed and wild bivalves is very low. Therefore, it will not be a danger as such. 
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Psychrotrophic strains of C. botulinum are noticeably absent in bivalves. The presence 
of C. botulinum type A in shellfish may have public health implications. Isolation of 
C. bOllIlillllll1 from shellfish indicates that they can be a potential hazard to human health. 
Mishandling of shellfish during transportation and retailing may influence the population 
of C. botulillum and affect its safety. Unlike many other foods shellfish are usually eaten 
in many countries either raw or lightly cooked often with digestive tracts. This is a risk 
factor. 
With the expansion of the marine farming of fish/shellfish in the last few years, 
more and more marine species are being farmed in the coastal waters. The presence of 
C. bOtlllilll/1II in sea water makes the contamination a constant threat. The present 
investigation concludes that there is considerable contamination with C. botulinum in 
the marine and brackish water environments. In view of the prevalence of C. botulinum, 
it is of considerable importance to adequately remove these pathogens from shellfish 
either by self purification in clean sea water or by adequate processing to make it fit for 
human consumption. 
5.1.3 Investigations on the incidence of ClostridiulII botulinum in cultivable fish! 
shellfish and trash fish 
Fish and shellfish samples caught from the wild, which are used in aquaculture 
were examined for C. botulinum. Of the 20 samples of fish, 20 percent harboured 
C. botulinulII. The frequency of contamination on the surface of fish was 20 percent 
while that in intestine was 15 percent. Types A and D predominated in fish followed by 
type C. In shellfish incidence of C. botulillum was 25 percent (6/24) with type C 
predominating followed by type D and A. The incidence of C. botulinum in shellfish 
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was higher Ihan fish. The overall contamination of fish and shellfish was 23% with types 
C and D predominating followed by type A. In wild freshwater fish and shellfish 
examined incidence of C. bowlinum was 20% (2/10). Clostridium botulinum was 
detected on ly in freshwater prawn Macrobrachium rosenbergii. Twenty seven percent 
(8/30) of the trash fish samples showed contamination predominantly by C. botulinum 
types A, C and D followed by type B. The frequency of contamination of fish on the 
surface was 25 percent while that of intestine was 5 percent. The overall contamination 
of cultivable fish/shellfish and trash fi sh by C. botulinum was 24 percent with type C 
predominating followed by types D, A and B. Psychrotrophic C. botulinum strains were 
noticeably absent. 
The investigations on the incidence of C. botulinum in cultivable fish/shellfi sh 
and trash fish reveal that marine, brackishwater and freshwater environments in India are 
contaminated with C. botulillum. Clostridium botulinum types C and D are the 
predominant types in all these environments. Clostridium botulinum has a widespread 
spectrum of distribution as reflected by its isolation from different sources. The present 
study indicates that the overall contamination level of fish/shellfish (24%) does not 
exceed that reported for wild fish from temperate waters and is also within the range 
reported for tropical waters. The study also indicates that cultivable fish/shellfish and 
trash fi sh do not pose a great hazard to human health than do wild fish from temperate 
water because psychrotrophic strains of C. botulinum are noticeably absent. Most 
samples harboured type C (9%), types A and D (8% each) and type B (I %). 
The frequency of contamination of fish was more on the surface than the intestine. 
The present finding confirmed the earlier finding that C. botulinum contamination on the 
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surface is most common in pelagic fish and contamination of the gut is most common in 
bollom feeding fish. 
The results of the study indicate that contamination of the culture system is also 
poss ible with C. botulinum types associated with wild fish/shellfish through water. seed 
from natural sources or trash fish feed used for aquafarming. As aquaculture expands 
throughout the world, there is the possibility of transfer of live fish and fish eggs from 
country to country. With such transfers. there is possibility of introduction of 
psychrotrophic C. botulinum types from exotic fish. fish seed and it will be a problem for 
aquaculture. This necessitates adoption of appropriate quarantine measures at 
destination. The presence of C. botulinum types A and B, causative agents of human 
botulism. in fish/shellfish may have both ecological and public health implications. 
Therefore, fi sh/shellfish should be properly handled to reduce the contamination in 
culture systems and also to avoid public health hazard. 
The recent increase in aquaculture of fish/shellfish in coastal waters makes it 
importan t to know the ecology of C. botulinum in various environments. It is still 
debated as to whether C. botulinum types C and D can cause human botulism. However. 
the potential hazards of type C and D human botulism is clearly indicated. The 
occurrence of C. botulinum in fish/shellfish poses a risk to public health. Trash fish if 
used as feed in the culture of carnivorous fishes should be properly handled and 
adequately processed to destroy the organism or tox in to keep the contamination at low 
level and to prevent infection of farm animals. The present study also suggests that the 
culture system should be monitored regularly for the presence of psychrotrophic 
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C. bOlu/illulII strains as there are chances of introduction of these strains from 
contaminated fish/fish seed. 
5.2 Clostridium botulillum in processed fishery products 
5.2.1 Incidence of Clostridium botulillum in chilled stored farmed shrimp 
The results of the chilled storage study of farm raised shrimp revealed 
contamination of shrimp by C. botulinum type 0 and that spores of C. botulinum 
survived chilling temperature. Neither the growth nor the toxin production was noticed in 
shrimp during chilled storage. The level of contamination by C. bOlulillum was low. 
Nonproteolytic C. botulinulII types were not encountered in chilled stored shrimp. The 
lox in production by C. botulinum was noticed in packed shrimp meat stored at 30°C 
under vacuum. This indicates that shrimp meat is a conducive medium for growth and 
toxin production by C. bOlulinum type D. The present study points out that C. botulinum 
is a potential hazard in chilled vacuum packed foods which usually have minimal heat 
processing. The study also indicates that C. botulinum present in shrimp farms can 
mUltiply in dead shrimp and contaminate more number of sh rimp in the culture system. 
High standards of hygiene in the shrimp farms and processing facilities are essential to 
keep the contamination at low level in order to ensure safety of aquacultured products. 
5.2.2 Incidence of Closlridiudm botulinum in frozen fishery products 
The incidence of C. bowlinum in frozen fishery products was examined. Of the 
41 samples analysed, 15% were found to be contaminated with C. botulinum types A, B, 
e and D. Frozen farm raised shrimp and mussel showed contamination by C. botulinum 
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at the level of 40 per 100g. Psychrotrophic C. botulinum strains were not detected in 
frozen fishery products. 
The present study indicates that frozen fishery products are contaminated with 
C. bOllllilll/1Il only to a lesser extent and C. botulinum spores are highly resistant to 
freezing. Clostridiulll botulinum types A and B, associated with frozen fish/shellfish, 
are hazardous to humans. There is a possibility of introduction of these types into fish 
farms through feed compounded with contaminated trash fish. 
There are numerous reasons to estimate the size and composition of C. botulinum 
population in frozen foods. Freezing certainly stops the growth of C. botulinum during 
storage. Some frozen foods however are designed to be eaten without further cooking and 
others may not necessarily be heated to pasteurising temperature by all consumers. Such 
food can turn to be a risk factor. Psychrotrophic C. botulinum strains if present can 
multiply at 3.3°C. If temperature abuse occurs, even proteolytic strains multiply and 
produce toxins. The present study suggests that for prolonged frozen storage of 
rish/shcllfish. strict temperature control is necessary to prevent multiplication of 
C. botulinum and to ensure quality and safety of the product. 
5.2.3 Distribution of Clostridium botulinum in cured fishery products 
The distribution of C. bOlulinum in cured fishery products was studied. A total of 
40 cured fish/shellfish samples procured from local retail markets were examined and 
C. bOllllillll1ll was detected in 13% of the samples with type D predominating followed 
by type C. Wide variations in salt concentration and moisture level were observed in 
cured fish samples. 
The present study indicates a low incidence of C. bOlulinum and predominance of 
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types C and D in cured fi shery products. ClostridiulII botulinum spores remain viable at 
water activity (aw) level 0.75 and are able to grow and produce tox in after rehydration of 
such foods . The detection of C. boltllinum in cured fi sh indicates either post process ing 
contamination or the abi lity of these C. botulinum strains to survive the salting process 
during the manufacture of cured fish. Wide variations in the salt concentration of cured 
fishery products indicate inadequate control of the brining process. The incidence of 
C. boltllillulII in cured fishery products should emphasise the need for adequate brining 
and drying to protect these products until their final use. Proper hygienic conditions in 
the curing yards are to be encouraged for the production of good quality products. 
The resu lts of the study reveal that it is not possible to completely eliminate 
C. botltlilll1/11 from fish and fishery products. The ubiquitous distribution of 
C. botlllillUIII in nature complicates its elimination from the processing environment. 
However, it is possible to introduce some measures at different stages in the long chain of 
events from production to consumer to keep the contamination at a low level and to 
prevent the multiplication and toxin production by C. botulinum. Chilling, freezing and 
curing processes prevent multiplication and tox in production by C. botulinum. The 
recovery of C. botulinum types A and B, the causative agents of human botulism from 
frozen fi sh is a mailer of concern. Though C. botulinum types C and D are not 
considered as hazardous to humans, the potential of type C and D human botulism exists. 
Therefore it is very important to keep the fresh fish/shellfish chilled to near zero (ice) at 
all ti mes before processing. Cross contamination from raw material to final product must 
be avo ided by maintaining good hygiene. The ecology of C. botulinum in foods is such 
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that, if proper hygiene and cooking practices are followed. the likelihood of human 
intoxications is much reduced. 
5.3 Isolation and characterisation of Clostridium botulinum 
Isolation and characterisation of C. botulinum encountered in fish and fishery 
products were done. Isolation of C. bowLillum types A-D from the enrichment cultures 
was obtained by a preheating treatment of the culture at sooe from 10 min and streak ing 
on a solid medium (TSGY A). Isolation of C. botuLinum type E reference strain was 
achieved by alcohol treatment. The strains isolated were identified by toxi n neutralisation 
tests in mice. Morphologically all C. botulillum types A-E examined were similar but 
cul turally non-proteolytic type E. mildly proteolytic types e and D and proteolytic types 
A and B differed considerably. Some strains of C. botulintlm types C and D lost 
toxigenicity upon isolation and maintenance in laboratory media indicating the 
involvement of bacteriophages in toxin production. 
Because C. botll/illUIII toxins are serologically highly specific. it is seldom 
necessary to isolate the organism in survey work to study the incidence of the organism. 
In order to understand the properties of C. botulinum types and the factors affecting their 
growth and toxin production in fishery products. their successful isolation and 
identification are highly essential. Such investigations do have tremendous practical 
application in fixing ri sk factors for food safety and protecting human health. 
5.4 Sensitivity of fish to CLostridium botulinum toxin 
Sensitivity of fish to C. botulillLIIII types A-E toxins were investigated. All five 
toxin types A to E were tox ic to Oreochromis mossambicus. For toxin types A to D. 
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0. lIIossalllhiclIS were considerably more resistant than mice and for type E toxin, fish was 
more sensilive. The minimum Intrapetrioneal (IP) dose of type E toxin for fish was one 
half of the minimum lethal dose for mice. 
The present study indicates that fish is susceptible to C. bOlulinum toxins and fish 
can be a good alternative to mice as laboratory animals for toxicity studies of type E 
C. bOIIlIiIlIlIll . Even though fish are carriers of C. bOlulinum in aquaculture farms, they are 
susceptible to its preformed toxin. The study also points out that under favourable 
environment, C. bolulillum types prevalent in fish farms can multiply and cause infections 
in the farmed species. Therefore it is suggested that good hygiene should be maintained in 
fish/shrimp farms to keep the contamination at low level. 
5.5 Stability of Clostridium botulinum toxins 
The effect of temperature on the stability of C. botulinum types A to E toxins were 
investigated. The botulinum toxin from C. bOlulinum types A to E were stable at -ISoC 
for a period of 180 days. Standing at room temperature at pH 7.0 resulted in a gradual 
loss of toxicity of type D toxin. Prolonged incubation of C. bOlulinum types A and D 
toxins at 37°C and 40°C also resulted in a gradual loss of toxicity. Thermal resistance of 
type D toxin is slightly higher than that of type A in fish muscle medium. Heating at soac 
for 10 min inactivated the toxin of types A and D to no detectable toxin. 
The results of the study reveal that heating is the only practical means of 
inact ivating botulinum toxins in foods. Freezing or subsequent frozen storage and thawing 
caused no destruction of botulinum toxins of types A to E. The normal cooking 
procedure is sufficient to inactivate botulinum toxin. The study points out that measures 
to control type A toxin should also control type D toxin in fishery products. 
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5.6 Growth characteristics of Clostridium botulinum 
The influence of temperature on growth and toxin production by C. botulinum 
Iypes A to E was studied. The limiting temperature permilling growth and toxin 
production by C. botulillum types A to D was 15°C and that of type E was 4°C. A delay 
in outgrowth time occurred with the lowering of incubation temperature. The present 
study has shown that the minimal temperature for growth of types C and D is very near to 
the limiting temperature for growth of types A and B and hence, types C and D appears to 
pose no additional problems to the fish processing industry. 
The present study indicates that only slow growth occur when fishery products 
contaminated with types A to D are kept at mild abusive temperature (15°C) and no 
growth at chilled storage. Only C. botulinum type E initiates growth and toxin 
production at chilled storage (4°C). It is therefore, necessary to include other safety 
factors in processed fishery products in addition to temperature to ensure that 
C. botu/illum is inhibited and toxin formation cannot occur. 
Effects of temperature and substrate on toxin production by C. botulinum type B 
were studied. The optimum temperature for toxin production was found to be 37°C with 
maximum toxin concentrations being attained in 72h. Maximum growth and toxin 
production were noticed in cooked meat medium at 37°C. The present investigation 
revealed that temperature and substrate influence toxin production by C. botulinum 
type B. 
Studies on the influence of pH on growth and toxin production by C. botulinum 
type A to E have shown the limiting pH permitting growth and toxin production by 
C. botulillum type A to be 4.8, type B to be 5.0, type C and D to be 5.0-5.2 and type E to 
165 
be 5.4 . Minor variations in acid tolerance were noticed among strains of C. botulillum 
types C and D. Inhibition of growth of C. botulinum increased as the pH decreased from 
7.0 to 4 .6. The study shows that growth and toxin production by C. botulinum types A 
and B are not prevented at acidic pH . Therefore, it is suggested that other safety factor 
should be included in addition to acidification to prevent growth and toxin production by 
C. bowlill lllli in processed fi shery products. An understanding of the mechanism by 
which an ac idulent exerts its inhibitory effect either alone or in combination on 
C. bowlilllllli is of great importance in establishing hazards associated with consumption 
of acid foods. 
The minimum water activities (aw) permitting growth and toxin production by 
C. bOtlllillll1ll types A to E were investigated in sodium chloride containing media and 
were found to be 0.952, 0.97 and 0.976 respectively for types A and B spores, types C 
and D spores and type E spores. These values corresponded to sodium chloride 
concentrat ions of 8%, 5% and 3% respectively . The study indicates that salt exerts 
antibotulinal effects resulting in inhibition of growth and toxin production by 
C. bOllllillll1ll spores. Clostridiulli bOlulinulli type E possesses a level of salt tolerance 
considerably below that recogni sed for types A and B. The study points out that 10% 
sodium chloride is adequate for complete botulism control and increasing the salt 
concentrati on of fishery product to such a level would minimise their acceptance by 
consumer. Therefore the possibility of using salt concentrations considerably lower than 
10% must be explored by combining other factors such as pH temperature etc. to exhibit 
sufficient inhibitory activity against botulinal growth. 
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The effect of vacuum packaging of fi sh/shrimp on growth and toxin production by 
C. bOIIl/illlllll types A to E was studied in mullet and shrimp tissue homogenates. 
C/oslridilllll bOllllinulII types A to D grew and produced toxin in mullet and shrimp tissue 
homogenates at 30°C and 15°C while type E grew over a temperature range of 4°C to 
30°e. At 4°C. type E grew and produced toxin on 28th day in mullet tissue and on 35th 
day in shrimp ti ssue homogenates. The present study indicates that vacuum packaging in 
combination with low temperature storage may not provide the safety required for 
extended storage of fresh fish products with respect to outgrowth and toxin production by 
type Elnon-proteolytic strains of C. bOlulinum. Non-proteolytic C. botulinum strai ns are 
noticeably absent in fish and shellfish from coastal waters of India. The study points out 
that if non-proteolytic C. bOlulillum spores are present in products, even proper 
refrigeration may not be sufficient as these strains may grow at 4°e. Strict adherence to 
temperature control is necessary for MAP products not only by the food producer and 
retailer but also by the consumer. The naturally occurring levels of C. bOlu/inulII in 
fish/shellfish are found to be lower than the inoculum level used in the present study. 
The study indicates that the naturally occurring levels of C. botulinum in fi sh/shellfish 
will not initiate toxigenesis in vacuum packed fi sh stored at 4°C for upto 21-25 d and in 
vacuum packed shrimp stored at 4°C for upto 35 d. If the strict temperature control 
cannot be guaranteed. the storage time has to be limited. The results of this investigation 
can be utilised to define control measure for predicting the safety of vacuum packaged 
fish/shell fish . 
The present study points out the significance of storage temperature on growth 
and toxin production by C. bOlulinum in fi sh/shrimp under vacuum pack. Mullet and 
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shrimp tissues are conducive medium for the growth and toxin production by 
C. bOllllillll1ll types A to E. Mullet tissue is superior to shrimp tissue in supporting 
growth and toxin production by type E. The study indicates that in fish/shrimp farms, 
dead fi sh provide an excellent substrate to support growth of C. botulinum. Therefore, it 
has to be removed as soon as it is found to keep the contamination at low level. As 
mullet and shrimp tissues are good substrates for growth and toxin production by 
C. bOllllilllllll , a potential hazard does exist, if products are stored above 4°C in Modified 
Atmospheres/ vacuum pack. The extent to which fresh/frozen fish is processed to 
increase shelf life or to prepare new products and the conditions under which they are 
stored. therefore, have a marked effect on the potential problems from C. botulinum. 
Successful control of C. botulinum in vacuum packed! Modified Atmosphere Packaged 
fishery products may lie in a better understanding of the combined effects of well chosen 
environmental variables and preservative factors . 
The effect of incubation temperature on acid tolerance of C. botulinum was also 
studied . At sub-optimal temperature, the limiting pH value permitting growth and toxin 
production by C. botulinum was raised. The results of the study indicate a greater ability 
to grow in conditions that combine sub-optimal temperature and sub-optimal pH, of 
C. botulinum types A, C, D and E. However, the lag phase is increased. The study 
suggests that an additional factor should be combined with acidification and low 
temperature to inhibit growth of C. botulinulll and substantially reduce the botulinum 
hazard associated with such fishery products. 
The effect of incubation temperature on salt tolerance of C. botulinum was also 
investigated. A delay in outgrowth time occurred with increasing salt concentrations and 
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decreasing temperatures. The results of the present investigation revealed that sodium 
chloride concentralions permitting growth of C. botulinum are influenced by 
temperature. Growth and toxin production by C. botulillum type A was inhibited at 15°C 
and 8% sodium chloride. Clostridium botulinum type E grew and produced toxin at 10°C 
and 3% sodium chloride. Growth and toxin production by C. botulinum types C and D 
was not prevented at 15°C and 5% sodium chloride levels. The present study points out 
that salt and temperature alone are not adequate to prevent outgrowth and toxin 
production by C. botulin 11111 . By combining temperature and sodium chloride, it has been 
shown th at 5% sodium chloride is required for complete control of C. botulinum at 10°C. 
Increasing the salt concentration of fi shery product to such a level would minimise their 
acceptance by consumer. Therefore, the possibility of using salt concentrations 
considerably lower than 5% must be explored by combining temperature and sodium 
chloride with other factors such as pH and preservative factors including starter cultures 
of lactic acid bacteria. bacteriocins or essential oils to control growth of C. botulinum 
and to maintain the bacteriological safety of the fishery products. 
The inhibitory effects of combinations of pH, sodium chloride and incubation 
temperature on growth and toxin production were evaluated. Growth of C. botlliinum 
type A occurred at 15°C and pH value 7.0 and 5% sodium chloride within 9 d. As the pH 
value was lowered to 5.5 , neither the growth nor the toxin production was noticed at 15°C 
and 5% sodium chloride. Combinations of pH 5.5 and 5% sodium chloride prevented 
growth of C. botlllilllllll types A, C and D at 15°C whereas combinations of pH 5.5 and 
3% sodium chloride prevented growth of C. botulinllm type E at 15°C during the 6 
weeks storage. The present study indicates that combined stress has an immediate effect 
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on C. bOlulillulll producing a marked delay in outgrowth and toxin production by types 
A. C. D and E. By identifying suitable combinations of treatments, growth and toxin 
production can be prevented. It has also been shown that types C and D do not pose 
additional problems to the food industry and measures to inactivate and control the other 
types of C. bOlulinum should also control types C and D. The results of the study can be 
applied in the formulation of foods that rely on the variables investigated to inhibit the 
growth of C. botulillum and to improve the quality and extend the shelf life. 
The present study is a valuable contribution to the field of ecology, food hygiene 
and food processing. The data are important to environmental and food hygiene. 
veterinary medicine and medicine. The study not only provides data on the ecological 
behaviour of C. botulillum and its aquatic environmental reservoir in India, but also gives 
a valuable and important insight into 
I) the factors controlling C. botulinulIl growth and toxigenesis 
2) interaction of intrinsic and extrinsic factors to define the combination of factors 
where growth of C. bOlL/linulIl cannot possibly occur, even after prolonged 
incubation. 
Changes in the microbial ecology may influence the ultimate safety of the 
products. In the present study, data on growth and survival were considered not only 
from an ecological point of view but also from the stand point of the epidemiologist or 
hygienist. It is unlikely that contamination by C. botulinulIl will ever be totally 
eliminated from fish/shellfish . However, a thorough understanding of the properties of 
this group of organisms and their toxins will help to minimise the risk, to avoid the 
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development of new products or processes which may provide an opportunity for low 
numbers of C. bOllllillll1ll spores to grow and produce toxin. 
The present investigation gives sufficient indication of the future needs in 
research on the ecology of C. bOlLllinulII. Psychrotrophic C. bOlulinum strains are 
noticeably absent in the present study. As aquaculture expands, there is greater transfer 
of live fi sh and eggs from country to country which may lead to introduction of the above 
strains of C. bOlulillum and in order to ensure product safety, the occurrence of 
C. bolulilllllll should be monitored regularly in culture systems. The detection of 
C. bOlulillllm still depends finally on the identification of one or other of the toxins by 
mouse bioassay. In recent years increasing emphasis has been placed on the need to 
reduce the time involved and to introduce automated systems into routine microbiology. 
Therefore, the possible use of alternative methods such as Enzyme Linked lmmuno 
Sorbent Assay (ELISA), polymerase chain reaction (PCR), or other nucleic acid based 
techniques may be explored to develop rapid diagnostic methods for the detection of 
C. bOlulillll1ll types A to F. It is of great importance for epidemiological and 
environmental studies. 
The strains of C. bOlulinum types C and D lose toxigenicity upon isolation and 
maintenance in laboratory media. Although recent work on bacteriophage has explained 
to some extent the loss of toxicity of C. bolulillUIII types C and D, much remains to be 
understood concerning toxin production. Further research is needed to determine the role 
of phages and plasmids in the growth and toxin production by C. botulinum and transfer 
of tox icity to non-toxigenic clostridia by botulinum toxin gene through vectors which 
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may provide valuable information In future genetic and epidemiological studies of 
C. bOllllillllm. 
Much remains to be done on the inhibitory effect of combinations of factors i.e. 
combinations of intrinsic, extrinsic and preservative factors on the growth and toxin 
production by C. botulinum. Recent trends are towards fewer additives and use of natural 
and consumer acceptable preservation methods. Modified Atmosphere Packaging (MAP) 
and 'Sousvide' processing are the most promising technologies in modem food 
preservation methods. More information is needed on the behaviour of C. botulinum in 
fishery products especially with regard to the use of different packaging materials. 
manipulation of the gaseous environment and combined use of intrinsic. extrinsic and 
preservative factors. The inhibitory effect of additional barriers such as addition of starter 
cultures of lactic acid bacteria. bacteriocins, enzymes, essential oils or use of GRAS-
Compounds may also be investigated to provide safety required for extended storage of 
fishery products. The present study on interaction of factors have been done using culture 
media and only one inoculum level. The interaction of factors using fish/shellfish 
substrates as well as commercially processed products have to be investigated using 
different inoculum levels to quantify the probability of growth of C. botulinum in a 
model food system and to predict the shelf life of the product. Such experimental work 
has tremendous practical importance. It also gives the customer and industry the real 
benefits. With ever increasing consumption of processed fishery products. driven by 
changing life styles. the emphasis on high quality food additives may perhaps offer 
solutions to the challenges of the fish processing industry in the 21 st century. 
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